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INTRODUCTION AND OBJECTIVES 
Introduction 
The United States of America is recognized as one of the 
largest producers of food and fiber in the world. The appli-
cation of machines to the agricultural production has been a 
major factor of the outstanding developments in American ag-
riculture during the past century. The continuous improvement 
of farm machinery contributed to the increase of the United 
States agricultural production while releasing millions of 
agricultural workers to other industries. Today the farm 
population of the United States accounts for only 3.8% of 
the total population (USDA Agricultural Statistics, 1978). 
Table 1 illustrates the decreasing trend of U.S. farm 
population since 1959. Note that the farm population in 1976 
is one-half of the 1959 figure, while the total u.s. popula-
tion increased by 38.2 million during the 1959-1976 period. 
Iowa farm population has also decreased, as shown by 
Table 2. The number of farms in Iowa decreased by 40% during 
the years 1925-76, while the average farm size increased by 
71%. 
A maJor factor contributing to the U.S. lead in the world 
agricultural production is the use of larger, higher capacity, 
and more effective farm machines and implements. The increased 
utilization of large tractors (95 horsepower or more) by Iowa 
farmers since the 1960's is clearly illustrated by Table 3. 
Table 1. Population: Total and farm, United States, April 1959-76 (USDA Agricul-
tural Statistics, 1978) 
_ Ear.m _populatiQn Farm population 
Total % of Total % of 
Year population Number total Year population Number total 
-----(thousands)--- (%) · -----(thousands)--- (%) 
1959 176,551 16,592 9.4 1968 200,208 10,454 5.3 
1960 180,007 15,635 8.7 1969 202,161 10,307 5.1 
1961 182,992 14,803 8.1 1970 204,335 9,712 4.8 
1962 185,974 14,313 7.7 1971 206,567 9,425 4.6 
1963 188,580 13,367 7.1 1972 208,447 9,610 4.6 
N 
1964 191,245 12,954 6.8 1973 210,034 9,472 4.5 
1965 193,709 12,363 6.4 1974 211,522 9,264 4.4 
1966 195,999 11,595 5.9 1975 213,052 8,864 4.2 
1967 198,206 10,875 5.5 1976 214,756 8,253 3.8 
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Table 2. Iowa farms: Number, average size, land in farms 
and population (Iowa Crop and Livestock Reporting 
Service, 1971 and 1978) 
No. of Average Land Population 
farms size in farms (thousand 
Year (thousands) (acres) (mil. acres) persons) · 
1925 213 156 33.3 
1930 215 158 34.0 
1935 222 155 34.4 
1940 213 160 34.1 
1945 209 165 34.5 
1950 206 169 34.8 
1951 205 170 34.9 
1952 203 172 34.9 
1953 200 174 34.9 
1954 197 177 34.9 
1955 195 179 34.9 
1956 193 181 34.9 
1957 191 182 34.8 
1958 189 184 34.8 697,213 
1959 187 186 34.7 684,922 
1960 183 190 34.7 667,823 
1961 178 195 34.7 659,773 
1962 172 202 34.7 646,977 
1963 167 207 34.6 635,059 
1964 162 214 34.6 617,624 
1965 158 219 34.6 592,378 
1966 155 223 34.5 577,136 
1967 152 227 34.5 559,243 
1968 149 231 34.4 542,739 
1969 147 234 34.4 526,772 
1970 145 237 34.4 520,131 
1971 143 241 34.4 
1972 141 243 34o3 
1973 139 247 34.3 
1974 138 249 34.3 
1975 136 251 34.2 
1976 133 257 34.2 
1977 131 261 34.2 
1978 128 266 34.1 
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Table 3. Inventory of wheel tractors on Iowa farms (adapted 
from Tables 6 and 7 in Iowa Crop and Livestock 
Reporting Service, 1976) 
Horse-
power Model year and number of tractors 
(PTO) 
size Fuel 1950 & 
class type earlier 1951-60 1961-65 1966-70 1971-76 
5-94 Gasoline 74,861 105,693 29,453 27.274 11,067 
Diesel 1,166 11,091 11,984 14,959 9,605 
95 or Gasoline 65 275 417 1,232 280 
more 
Diesel 205 205 4,614 18,316 32,910 
Table 3 also shows that in the 1970's diesel tractors have 
dominated the sales of large tractors. 
While larger farm machines and equipment have permitted 
higher agricultural production with fewer workers, the man-
agement of high capacity machines has become critical. A 
current six-row combine harvester had a theoretical field 
capacity greater than three two-row combines of the 1950•s. 
Also, each new model of large combine harvester has better 
threshing and cleaning capabilities than the machine it re-
places. This also contributes to higher quality and quantity 
of the harvested crop. 
The lost productivity from one hour of downtime with 
a higher capacity machine is obviously more serious than the 
same time loss with a lower capacity machine. Consequently, 
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the management of large capacity machines to achieve high 
productivity has become increasingly important. 
Objectives 
Although larger, higher capacity farm machines are 
credited with increasing u.s. agricultural output, it appears 
that better management of these machines would further in-
crease their productivity. This hypothesis was tested by 
studying the field performance of some typical current high 
capacity machines and equipment. Objectives of this research 
were: 
1. To collect data on actual field time and fuel re-
quirements to harvest corn and soybeans in typical 
Iowa conditions. 
2. To determine the capacities and field efficiencies 
of typical corn and soybean harvesting machines. 
3. To provide a basis for recommendations for better 
machine management. 
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REVIEW OF LITERATURE 
Evaluation of Machine Performance 
Agricultural machinery management includes managing men 
and equipment to maximize the economic performance of a total 
machine system in agricultural production, within a set of 
constraints for land, labor, weather, and capital. Although 
it is recognized that many farmers use personal preference, 
comfort, and convenience as factors in machinery management 
decisions, the optimum farm machinery management occurs when 
the economic performance of the total machine system has been 
maximized (Hunt, 1977). 
Machine performance in the field has been considered 
by agricultural engineers and farmers as a major component 
of economic performance. Measures of agricultural machine 
performance are the rate and quality at which the field opera-
tions are accomplished (Hunt, 1977). 
The quality of machine performance, or the functional 
performance as stated by Barnes (1960) is the measure of how 
well the machine performs its intended task. Similarly, the 
rate of machine performance, known by Barnes (1960) as the 
capacitive performance, is the measure of quantity of work 
performed by a machine per unit time. 
The rate of machine performance, the capacitive per-
formance, has usually been evaluated in terms of field area 
operated upon by a machine per unit time. Crop weight or 
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volume per unit time are often used for harvesting machines. 
This capacity measure, termed effective field capacity, was 
developed by McKibben (1930). 
The effective field capacity of a machine is a function 
of the rated width of the machine, the speed of travel, the 
percent of rated width actually utilized, and the percent 
of productive machine time during the operation, It can be 
calculated by the following equation: 
C = ( TC )e 
C = Swe 
c 
where: C = effective field capacity, ha/h (a/h) 
TC = theoretical field capacity, ha/h (a/h) 
S = speed, km/h (mi/h) 
w = rated width of implement, m (ft) 
e = field efficiency as a decimal 
c = constant, 10 for SI units; 8.25 for English units. 
In this equation the field efficiency is the ratio of the 
effective field capacity to the theoretical field capacity. 
It accounts for the failure to utilize the full rated width 
of the implement and the effect of the nonproductive machine 
time in the field. Field efficiencies are not constant values 
for specific machines but vary widely (Hunt, 1977). For 
prediction of effective field capacity representative ranges 
of field efficiencies for some of the common farm machines 
have been tabulated (American Society of Agricultural 
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Engineers, 1978; Hunt, 1977}. 
The machine field time is composed of productive time, 
termed effective operating time (Kepner et al., 1977}, and 
nonproductive time commonly known as lost time (Kepner et al., 
1977) or waste time (Hunt, 1977). The productive machine time 
is defined as the time during which the machine is actually 
performing its intended function, while the nonproductive 
machine time includes turning time, adding seed or fertilizer, 
unloading harvested products, waiting for transport equipment, 
field services, minor repairs, adjustments, and unclogging. 
The nonproductive time has been the concern of agricul-
tural engineers and farm managers for many years and it is 
considered to be the most difficult variable in relation to 
field capacity (Kepner et al., 1977}. As early as 1930 
McKibben (1930) stated the problem and his findings as the 
following& 
It has been the common experience of operators that the 
effective capacity of a field machine is frequently not 
increased in proportion to increases in either its 
width or its operating speed •••• Interruption caused 
by stones, stumps, weeds, trash, filling of seed and 
fertilizer boxes, inferior construction, inefficient 
operation, careless maintenance, etc., often tend to 
be proportional to area. 
McKibben (1930) also developed a relationship between idle 
travel and dimensions of rectangular field when operating back 
and forth parallel to one boundary. The relationships of the 
most common field patterns to field efficiency, termed pat-
tern efficiency, were developed by Hunt (1977). 
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Nonproductive time was further investigated by Kepner 
et al. (1977). Their findings relate the proportionality of 
the nonproductive time to area, effective field time, and 
yield. Kepner et al. (1977) noted that: 
Some time losses, such as those from rest stops and 
adjusting or checking the equipment, usually tend to 
be proportional to the effective operating time (or 
to total field time) as the operating speed or imple-
ment width is increased. Idle travel across the ends 
tends to be porportional to effective operating time 
if the normal operating speed is maintained across 
the ends. 
Other time losses, such as those caused by field ob-
structions, clogging, adding fertilizer or seed, and 
filling spray tanks, often tend to be more nearly pro-
portional to area than to operating time .... Time 
losses due to the unloading of harvested crops tends to 
be proportional to the field time as well as the area. 
These nonproductive time relationships are illustrated 
by the following equation, which is based on the definition 
of field efficiency: 
where: T = 0 
Te = 
K = 
Th = 
Ef = 100 T 
e 
T 
0 
+ T + T h a 
theoretical time per acre 
effective operating time = T 
0 
percentage of implement width 
X 100/K 
actually utilized 
time lost per acre due to interruptions that 
are not proportional to area (at least part of 
Th usually tends to be proportion to Te) 
Ta = time lost per acre due to interruptions that 
tend to be proportional to area. 
A field machine index concept was developed by Renoll 
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(1969) to aid in predicting machinery effectiveness and 
capacity. The field machine index compares actual produc-
tion time and row-end turning time. It is calculated by the 
following equation. 
F M I = A - B - C x 100 
A - B 
where: A = total field time 
B = total unproductive time not including turning 
time 
C = total turning time. 
The higher the FMI the better suited the field 1s for 
machinery use. Renoll pointed out that the FMI for a 
specific machine on a particular field 1s also correlated 
with indexes of othe~ machines used in the same field. If 
the FMI is relatively low for one machine operation it tends 
to be low for other operations on that same field. 
Renoll (1975) provided tables for adjusting the FMI 
values for different row lengths and machine ground speeds. 
Renoll (1971) developed the minutes-per-acre concept to 
predict row-crop machine capacity for a specific field or 
farm situation, rather than for average conditions. The 
concept includes the relationship between row length, row-
end turning time, machine ground speed and width, and time 
for each segment of the support functions such as adding 
seeds or making adjustments. These items are divided into 
three areas and combined into a minutes-per-acre formula as 
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follows: 
where 
_1_ 
T = A x l-C X B 
T = total time in minutes per acre 
A = time 1n minutes to cover linear row area of the 
acre if no stops are involved. This takes into 
account machine width and ground speed 
B = turning time, minutes per acre. B is a function 
of row length, machine width, and time per 
individual turn. 
l:C = an expression to allow for support function time 
that is involved in all field operations 
... where each N value repre-
sents a specific support function activity in the 
field operation, expressed in minutes per acre. 
Operations Analysis 
Operations analysis was defined by Von Bargen and Cunney 
(1972) as an evaluation of the effects of the many activities 
performed by man-machine combinations in carrying out field 
operations for reliable prediction of the performance of a 
machine in a specific situation. They also developed compo~ 
site system activity ratio to relate specific activity times 
to total field and capacitive performance. 
Renoll (1970) in his attempt to improve row-crop 
machinery efficiency discussed three basic parts of an 
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operations analysis. These ln order are: 
1. To obtain accurate time records of all activities 
relating to a specific machine operation in the field 
2. To divide these records into primary function time 
and support function times 
3. To study the records in detail for activities with 
excessive time. 
VonBargen (1966, 1967, 1968) discussed the operations 
analysis system in his work with hay harvesting in Nebraska. 
He proposed to standardize the classification of activities 
for agricultural field machines in a manner similar to the 
ASME classification. 
The operations analysis approach has also been used by 
some agricultural engineers interested in the performance of 
machinery systems, budgeting, or programming. 
Marley (1960) conducted an operations analysis of all 
field activities on a farm in Iowa. It included all opera-
tions for the production of corn, soybeans, oats, and sorghum. 
Time for animal production in the farm was also studied since 
it often tends to reduce the time available for field work. 
Time required for crop production was reported, and detailed 
investigationoftime losses due to equipment failure was 
discussed. 
Frisby (1963) studied the existing corn harvesting and 
drying systems to determine causes of lost time. 
Ayres (1973) and Ayres and Buchele (1976) conducted an 
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operations analysis to evaluate several machinery systems 
for harvesting the total corn plant. 
Hassan and Larson (1978} also made an operations 
analysis of harvesting sorghum during the 1977 season in 
Arizona. 
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FARM SELECTION AND DESCRIPTION 
The farm selected to attain the objectives of this study 
was to be of typical size, growing corn and soybeans with 
typical farm practices, and using harvesting machines com-
monly used by farmers in the state of Iowa. 
Farms managed by the Farm Service Department of Iowa 
State University were found to satisfy these requirements. 
Also these farms were favored for the following reasons; 
1. The understanding and the interest of the manager 
in the objectives of the study, and his willingness 
and that of his staff to cooperate. 
2. Data from previous years showed yields approximately 
equal to average Iowa yields for corn silage, corn, 
and soybeans. 
3. Availability of a variety of equipment typical of 
that used on Iowa farms. 
The Farm Service Department of Iowa State University 
provides custom farming services for university farms pro-
ducing oats and soybeans for foundation seeds and forage and 
grain crops for livestock production. Another aspect of the 
service is maintenance of equipment, buildings, and farms. 
The farms on which the study was conducted were in 
Franklin and Washington townships of Story County and Garden 
Township of Boone County. Their locations and the head-
quarters of the Farm Service Departmentare shown in Figure 1. 
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Figure 1. Relative locations of the selected farm and the 
Farm Service Department headquarters 
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Table 4 describes the fields on which each operation was 
studied. Included are field size, shape, slope and the 
dominant two soil types of the field. All the fields except 
two were rectangular in shape. The areas varied from 6.1 to 
22.7 hectares. The slopes ranged from zero to 14%, and 
Clarion loam was the most dominant soil type. 
19 
Table 4. Location and description of selected fields 
Field Field size 
Operation Farm no. Hectare Acre 
Forage harvesting, Dairy West 1 8.1 20.0 
corn silage 
Dotson 1 7.5 18.5 
Combining corn Beef Nutrition 1 8.9 22.0 
Beef Nutrition 2 7.7 19.1 
Beef Nutrition 3 8.1 20.0 
Soybean Bean 1 15.4 38.0 
harvesting 
Accola 1 6.6 16.2 
Ross 1 13.8 34.0 
Larson 1 20.7 51.2 
Larson 2 6.1 15.0 
Fall Plowing Accola 2 16.2 40.0 
Larson 3 7.1 17.5 
Spreading dry Bilsland 1 16.5 40.8 
fertilizer 
2 4.3 10.7 
3 22.7 56.0 
4 15o0 37.0 
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Field condition 
Shape Slope (%) Soil type 
Rectangular 0-9 Clarion loam and Webster clay loam 
Irregular 1-5 Clarion loam and Nicollet loam 
Rectangular 2-5 Lester loam and Clarion loam 
Rectangular 2-9 Clarion loam and Storden loam 
Rectangular 1-5 Clarion loam and Nicollet loam 
Rectangular 0-3 Nicollet loam and Harps loam 
Rectangular 0-9 Clarion loam and Canisteo silty 
clay loam 
Rectangular 1-14 Clarion loam and Storden loam 
Irregular 0-9 Clarion loam and Webster clay loam 
Rectangular 0-5 Canisteo silty clay loam and 
Clarion loam 
Rectangular 0-5 Clarion loam and Canisteo silty 
clay loam 
Rectangular 0-5 Clarion loam and Canisteo silty 
clay loam 
Rectangular 0-5 Clarion loam and Canisteo silty 
clay loam 
Rectangular 0-5 Clarion loam and Harps loam 
Rectangular 0-5 Clarion loam and Harps loam 
Rectangular 0-5 Clarion loam and Canisteo silty 
clay loam 
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FIELD STUDIES 
The objectives of this study were: 
1. To collect data on actual field time and fuel 
required to harvest corn and soybeans on typical 
Iowa conditions. 
2. To determine the capacities and field efficiencies 
of typical corn and soybean harvesting machines. 
3. To provide a basis for recommendations for better 
machine arrangement. 
The performance of the harvesting equipment used by 
Farm Service1 was studied during the 1978 harvesting s~a­
son to fulfill the stated objectives. Data were collected 
for time-motion study as well as for fuel consumption. The 
time overlapping of corn silage harvesting and corn combining, 
and the simultaneous operations for most of the corn combin ... 
ing and soybean harvesting made it impossible for the writer 
to collect data from all of the harvested fields. For this 
reason the author's strategy was to collect as much data 
for each operation and with an equal share for each equip-
ment, as possible. Data were collected from an average of 
three fields for each machine operation. 
The author also collected data on fall plowing and dry 
fertilizer spreading when not conflicting with the data 
~ere, and in the remainder of the text, the Farm Ser-
vice Department of Iowa State University will be referred to 
as Farm Service. 
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supporting the objectives o f this research. 
Machinery 
The machinery studied was either owned, leased, or 
hired by the Farm Service. Table 5 lists the machinery used 
for each operation studied. Note that some of the machinery 
was used for more than one operation. All the equipment 
operators, except for custom hired operations, were personnel 
from the Farm Service. These operators were of high caliber. 
Their long-time service of 15 years minimum and their atten-
dance at the farm equipment updating courses offered by the 
manufacturers contributed to their performance. 
Corn silage was harvested by two conventional pull-type 
harvesters. Due to the time overlapping of corn silage har-
vesting and corn combining, the author collected data on only 
one silage harvester. The New Holland 880 forage harvester 
pulled by a Ford 9700 tractor was studied. Two or three, 
as assigned, 6-ton wagons were used to haul corn silage. The 
hauling equipment for corn silage, corn, and soybeans were 
specified in Data Sheet No. 2 for each operation (see 
Appendices). 
All the corn combined by the Farm Service during the 
1978 season was harvested by a six-row IH 1440 axial flow 
combine harvester with the exception of one field where a 
bridge narrower than the six-row corn header forbid the 
combine from reaching the field without separating the head 
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Figure 2. IH 1440 axial flow combine harvester--combining 
corn; the field shown does not resemble any of 
the tested fields 
Figure 3. Unloading corn from combine to hauling truck 
24 
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Figure 4. Gleaner combine model K--harvesting soybeans 
Figure 5. Loading the Big A-2500 with dry fertilizer 
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Figure 6. Case 1370 tractor and IH 720 (6-18") moldboard 
plow 
Figure 7. Case 1370 tractor and IH 720 (6-18") moldboard 
plow in the field 
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Table 5. Machinery inventory for each operation 
Operation Machine 
Forage harvesting-
corn silage 
Combining corn 
Soybean harvesting 
Fall plowing 
Spreading dry 
fertilizer 
Ford 9700 diesel tractor 
New Holland 880 forage 
harvester 
IH 1440 combine harvester 
(axial flow) 
IH 1440 combine harvester 
(axial flow) 
F-2 Gleaner combine 
harvester 
F Gleaner combine harvester 
K Gleaner combine harvester 
Case 1370 diesel tractor 
Ford 9700 diesel tractor 
IH 720 moldboard plow 
White 558 moldboard plow 
Big A-2500 
Size Year purchased 
-
135 max bhp 1977 leased 
2-row 1978 leased 
6-row 1978 leased 
15 ft 1978 leased 
15 ft 1978 leased 
15 ft 1976 N 
\.0 
13 ft 1973 
155.56 max bhp 1977 leased 
135 max bhp 1977 leased 
6-18" bottoms 1978 leased 
5-18" bottoms 1978 leased 
60 ft 
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from the combine. A 4-row John Deere combine was borrowed 
from the Agricultural Engineering Farm of Iowa State Univer-
sity to harvest that field. 
The IH 1440 combine header drive shaft broke about the 
middle of the corn combining season. A machine of the 
same model was provided by the International Harvester dealer 
while replacing the shaft, which was not available locally 
and had to be ordered. 
The IH 1440 combine harvester was also used to harvest 
soybeans after the completion of the corn combining. 
The Gleaner combines were preferred by the Farm Service 
management for soybean harvest, due to their simple and quick 
cleaning procedures. The soybeans produced by the Farm 
Service were of different varieties foundation seeds. For 
this reason complete cleaning of the combine harvester was a 
must between the harvest of two varieties. 
Three Gleaner combine harvesters were used during the 1978 
soybean harvesting season. The smallest was a model K powered 
by a 70 horsepower gasoline engine with a 13 ft header. The 
other two, models F and F- 2, were powered by 90 and 95 horse-
power diesel engines, respectively. Each was equipped with 
a 15 ft header. 
Fall plowing was done by an IH 720, 6-18" bottoms, mold-
board plow pulled by a Case 1370 tractor, and a White 558, 
5-18" bottoms, moldboard plow pulled by a Ford 9700 tractor. 
The two units were used in the large fields side by side to 
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assure the completion of the field before any delay that 
might be due to rain. 
Custom operation was used to spread dry fertilizer. The 
Agrico Farm Center of Boone, Iowa_, was hired by the Farm 
Service to spread dry fertilizer on the Bilsland farm. A 
Big A-2500 three wheeler powered by a 225 horsepower engine 
was used for the operation. 
Methods and Procedures 
A detailed field time study for corn and soybean harvest, 
hauling corn silage, fall plowing, and dry fertilizer spread-
ing was conducted during the 1978 season. The fuel consump-
tion of each field operation was recorded. 
The field activities studied were listed in Data Sheet 
No.1 (see appendices). Although most of the activities were 
self explanatory, the following were defined: 
Set of rows: 
Run a 
Theoretical 
The number of rows handled by the machine 
width. 
The sum of all field activities from the 
beginning of a set of rows to the begin-
ning of the second set of rows. 
operating timea The time when the machine is performing 
its intended operation in the field per 
run. 
Three stop watches with a resolution ofl/5 of a second 
and Data Sheet No. 1 were used to collect the time study data. 
Two of the stop watches were used alternately to measure the 
theoretical operating time. The time from one was recorded 
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and it was reset while the other was operating. The third 
stop watch was allotted for support function activities and 
delay time. 
A Tokheim model 727 fuel meter was connected to a Farm 
Service fuel truck to record the number of fuel gallons added 
to each equipment. All the equipment was refilled after the 
completion of a field operation or by the end of the working 
day. The total amount of fuel added to each equipment for 
each field was recorded as the total fuel consumption. 
After an operation was completed in the field, a 10-foot 
measuring wheel with a counter was used to measure the field 
dimensions, the area tested, and the average row length. A 
minimum of two measurements were taken for each dimension. 
A tape was used during the plowing operation to measure 
the effective width of the moldboard plows. An average of 
six readings was recorded. For the rest of the equipment, 
the effective machine width was calculated by multiplying 
the row width by the number of rows covered. 
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DATA ANALYSIS 
Definition of Terms and Formulas 
The field data collected for each machine were analyzed 
to determine the machine field time, field efficiency, 
capacities, and fuel consumption. The definitions and 
methods of calculating the analyzed terms were as follows: 
1. Forward speedS, krn/h (mi/h): 
average row length, km (mi) 
S = average theoretical operating timel, h 
2. Theoretical field capacity: the rate of field 
coverage that would be obtained if the machine were 
performing its function 100% of the time at the rated 
forward speed and always covered 100% of its rated 
width, 
TFC = Sw 
c 
where: TFC = theoretical field capacity, ha/h (a/h) 
S = forward speed, krn/h (mi/h) 
w = rated machine width, m (ft) 
c = constant, 10 (8,25) 
3. Effective field capacity: the actual average rate 
of coverage by the machine, 
EFC = TAC TFT 
where: EFC = effective field capacity, ha/h (a/h) 
1 ... 
For def1n1t1on see methods and_ procedures. 
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TAC = total area covered, ha (a) 
TFT = total field time, h 
4. Field efficiency: the ratio of effective field 
capacity to theoretical field capacity, expressed 
as percent, 
Ef = EFC x 100 
TFC 
where: Ef = field efficiency, in percent. 
5. Material capacity: the rate of harvesting crop 
materials . (Hunt, 1977), 
= EFC x y 
where: M = material capacity, t/h (T/h) (bu/h) 
y = yield, t/ha (T/a) (bu/a) 
6. Function time ratio: the ratio of the total function 
time1 to the total field time, expressed in percent, 
TFnT 
FnTR = TFT x 100 
where: F TR = function time ratio, in percent n 
TFnT = total function time, min 
TFT = total field time, min 
7. Function field time: the average function time per 
unit area, 
0.6F TR n 
EFC 
1Function time refers to the time required to carry out 
any primary, support, or delay machine function in the field. 
where: 
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F FT = function field time, min/ha (min/a) 
n 
8. Fuel consumption: the fuel consumption was expressed 
as a rate of volume of fuel used per unit area, per 
hour, and per material harvested when applicable, 
where: FPA = 
TFU = 
FPH = 
FPA = TFU TAC 
FPH = FPA x EFC 
FPM = FPA y 
fuel per area, L/ha 
total fuel used, L 
fuel per hour, L/h 
(gal/a) 
(gal) 
(gal/h) 
FPM = fuel per material, L/t (gal/T) (gal/100 bu) 
9. The number of dried bushels of corn was determined by 
the following equation: 
N = Wt [ 100D lOO -(Ml -M2) sf] 
where: N = number of bushels at M2 
Wt = weight of corn at Ml 
D = weight per bushel (for corn = 56 lb/bu) 
Ml = moisture content before drying 
in percent, wet base 
M2 = moisture content before drying in per-
cent, wet base (for corn = 14%) 
sf = shrinkage factor (for corn = 1.3) 
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DISCUSSION OF RESULTS AND RECOMMENDATIONS 
The formulas developed in the preceding section were 
used to analyze the performance of the machines studied. 
The results for each field were tabulated in the Field Data 
Analysis Sheet (see Appendices A through E) . Included are 
analyses of the machine field time, machine capacities and 
field efficiency, and fuel consumption. The average results 
for each machine operation were tabulated and included in the 
discussion of results. 
Table 6 compares the average machine capacities, field 
efficiency, and fuel consumption data obtained with Iowa 
averages and the field efficiency ranges stated by Hunt (1977) 
for all the machines studied. The data collected were studied 
separately for every field operation. This facilitated the 
comparison of different machines used for the same field 
operation. 
Corn Silage Harvesting 
Corn silage was harvested by a 2-row New Holland 880 
forage harvester powered by a Ford 9700 tractor. The silage 
was then hauled to an upright silo at the Iowa State Univer-
sith Dairy Farm, about 2.25 kilometers (1.5 miles) from the 
fields, in two five-ton self-unloading Badger wagons pulled 
and powered by an Allis-Chalmers 185 tractor. The crop har-
vested was erect with minor weed infestation, yielding an 
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Table 6. Comparison of the study results with Iowa averages 
from Iowa Crop and Livestoc~ and Reporting Service 
(1976) and Hunt (1977) 
Operations and machines 
Forage harvesting (corn silage) 
New Holland 880 forage harvester 
Combining corn 
IH 1440, 6-row combine harvester 
Soybean harvestinq 
Gleaner combine Model K 
Gleaner combine Model F 
Gleaner combine Model F-2 
IH 1440 combine 
Fall plowing 
Ford 9700 tractor and White 
558 (5-18") moldboard plow 
Case 1370 tractor and IH 
720 (6-18") moldboard plow 
Spreading dry fertilizer 
Big A-2500 
Field 
efficiency 
(%) 
39-56 
74-77 
78-84 
72-73 
71-82 
60-63 
84 
92-96 
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Study 
Field 
capacity 
(a/h) 
0.90 
4.31 
3.09 
4.52 
4.82 
3.95 
3.27 
4.02 
61.29 
results 
Fuel consumption 
Gal/h Gal/a 
3.91 4.40 
6.24 1.45 
5.75 1.86 
4.11 0.91 
5.03 1.04 
6.55 1.66 
6.44 1.97 
7. 69 1.92 
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Hunt Ia. Farm Fuel & Equip. Survey 
Field 
efficiency 
(%) 
50-76 
63-81 
63-81 
63-81 
63-81 
63-81 
74-88 
74-88 
Field 
capacity 
\a/h) 
1.40 
2.44 
2.44 
2.05 
2. 05 
2.05 
2.56 
2.56 
60-90 8.40 
Fuel consumption 
Gal/h Gal/a 
5.65 4.04 
4.61 1. 89 
4.61 1.89 
5.05 2.47 
5. 05 2.47 
5.05 2.47 
5.64 2.21 
5.64 2.21 
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average of 40.56 metric tons per hectare (18.10 T/a). 
Table 7 lists the average results of the corn silage 
harvesting study. The average harvesting capacity was 0.31 
hectare per hour (0.92 a/h). This figure is lower than the 
average Iowa forage harvesting capacity of 0.57 hectares per 
hour ( 1.40 a/h), although the forage harvester was operating 
at the recommended forward speed utilizing its full rated 
width. This was due to the low field efficiency of 47.43%. 
Since the machine was utilizing fully its rated width, the 
field efficiency is equal to the time efficiency, the ratio 
of the theoretical operating time to the total operation time, 
expressed as a percent. 
The machine field time study revealed that 22.17% of the 
field time was wasted waiting for the hauling equipment. This 
initiated a time study of the hauling system. 
A time study of hauling silage from the Dotson farm to 
the upright silo at the Dairy Farm was conducted. The time 
for every function of the hauling cycle and the weight of the 
corn silage hauled were recorded in Table 8. Table 9 lists 
the time analysis and capacities of the hauling system. The 
harvesting of an average wagon load of 4.53 metric tons took 
17.55 minutes, while 23.14 minutes were required to haul, 
unload and return to the field. Thus, the harvester had to 
wait for 5.59 minutes. This time relationship of the har-
vesting, hauling, and waiting time is graphically displayed 
in Figure 8. 
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Table 7. Average results of field data analysis, New Holland 
880 forage harvester and Ford 9700 tractor in for-
age harvesting, corn silage 
Operation: Forage harvesting, corn silage 
Equipment: New Holland 880 (2-row) forage harvester and 
Ford 9700 tractor 
Operator: Harold c. Cochran 
Machine Field Time 
Percent 
Min/ha Min/a Percent range 
Theoretical operating time 79.85 32.31 47.43 38-56 
Turning time 14.17 5.73 8.41 6-10 
Idle travel and wagon hitching 20.81 
Field maintenance and minor 16.20 
repairs 
Waiting for hauling equipment 37.33 
Operator personal time 0.00 
8.42 
6.56 
15.11 
o.oo 
12.36 
9.63 
22.17 
o.oo 
Total 168.36 68.13 100.00 
Machine Capacities and Field Efficiency 
Speed krrv'h ( mi/h) . 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
Material capacity t/h (T/h) 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
5.13 
0.78 
0.37 
47.43 
40.56 
14.67 
14.80 
41.15 
11-13 
9-10 
16-28 
o.oo 
(3.19) 
(1.94) 
(0.90) 
(38-56) 
(18.10) 
(16.18) 
(3.91) 
(4.40} 
( 0. 24) 
Table 8. Corn silage hauling time study 
Date: 9-9-1978 
Operation: Hauling corn silage 
Equipment: (1) IH 986 tractor and 
Badger wagon 
(2) New Holland 28 forage 
blower and Allis Chalm~rs 
185 tractor 
----------- - -
Travel time 
Field Scale 
Operator: Wayne A Taylor 
Field Location: Dotson Farm 
Silo Location: Dairy Farm 
Haulinq cy_cle _:time ( m,).nutes) 
Prepara- 'l'otal 
tion hauling 
Prepara- Un- to cycle Change 
wagon 
time 
to to 
scale silo 
Silo 
to 
field 
Weighing tion to loading leave b time 
time unloada time blower (min) 
1.47 
1.90 
2. 85 
l.Tl 
1.35 
Total 
9.34 
5.53 
5.55 
5,65 
4.42 
5.30 
26.45 
0.17 5.65 
0.56 4.45 
0.52 5.23 
0.45 5.10 
0.60 5.40 
2.30 25.83 
1. 85 1.38 7.17 0.45 23.67 
1.44 0.40 8.20 0.45 22.95 
1.50 0.33 8 .15 0,55 24.78 
1.48 0.38 7.77 0.60 21.97 
1.40 0.45 7.25 0.55 22.30 
7.67 2.94 38,54 2.60 115.67 
Corn 
silage 
hauled 
(T) 
5.11 
4.96 
5. 06 
5.06 
4.76 
24.95 
~osition unloading wagon at blower, connect PTO shaft to unloading wagon and 
engage PTO drives on blower and unloading wagon. 
bDisengage PTO drives on blower and unloading wagon and disconnect PTO shaft 
from unloading wagon. 
J:> 
f-' 
42 
Table 9. Corn silage hauling analysis 
Date: 9-9-1978 
Operation: Hauling corn silage 
Equipment: (1) IH 986 tractor and Badger wagon 
(2) New Holland 28 forage harvester and Allis-
Chalmers 185 tractor 
Operator: Wayne A. Taylor 
Field Location: Dotson Farm 
Silo Location: Dairy Farm 
Hauling cycle time 
Travel time 
Field to scale 
Scale to silo 
Silo to field 
Weighing time 
Preparation to unload 
Unloading time 
Preparation to leave blower 
Change wagon time 
Total 
Yield t/ha 
% 
22.86 
1.99 
22.34 
6.61 
2.55 
33.32 
2.25 
8.08 
100.00 
(T/a) 
Average wagon capacity 
Average blower capacity 
Forage harvester material 
t (T) 
t/h 
t/h 
capacity 
Hauling capacity t/h 
one tractor and 2 wagons 
Capacity ratio, 
Hauling/harvesting, decimal 
(T/h) 
(T/h) 
(T/h) 
Average 
5.29 
0.46 
5.17 
1.53 
0.59 
7.71 
0.52 
1.87 
23.14 
37.77 (16.85) 
4.53 (4.99) 
35.24 (38.84) 
15.49 (17.07) 
11.59 (12.89) 
0.76 
Silo 
Scale 
I• Harvesting time 
6 
--t 
Hauling cycle ~ime 
10 
L Unl<;>ading __j I t1me l 
1--- W~ighing 
t1me 
~ 
t1me 
I
• Ha~esteE waiting 
----•""' I• Hitching time 
20 30 40 
Time (min) 
Figure 8. Corn silage harvesting and hauling time, observed 
J>. 
w 
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The immediate recommendation from this study is to 
eliminate the harvester waiting time to increase both the 
field efficiency and the effective field capacity. For the 
data from the Dotson farm, eliminating the waiting time will 
increase the field efficiency from 56.15% to 67.18%, and in-
crease the effective field capacity from 0.41 to 0.49 hectare 
per hour. 
The second recommendation is to reduce the field main-
tenance and minor repairs time by better machine preparation 
and daily service. From the field time study of four fields 
conducted by Marley (1960) in an Iowa farm the field mainten-
ance and minor repairs was 3.32% of the total field time. Re-
ducing the field maintenance and minor repair time to 3.32% 
would increase the field efficiency to 72.22%, the effective 
field capacity to 0.53 hectare per hour, and the material 
capacity would increase to 19.91 metric tons per hour. This 
material capacity is about twice the hauling capacity. 
To eliminate the forage harvester waiting time a third 
wagon with a tractor is recommended to be added to the hauling 
system. This will double the hauling capacity to 23.18 metric 
tons per hour. As illustrated by Figure 9 the forage harvester 
waiting time will be eliminated and its harvesting capacity 
increased. A short delay of the hauling system is expected 
which could be eliminated by further increase of the forage 
harvester capacity. Since it is very difficult to balance 
harvesting and hauling time exactly, it is better for any 
Silo 
Scale 
Field 
Harvesting ___.,j L Hi~ching: r 
time ~ r-- tlme 
I• Hauling cycle time 
10 20 
Time (min) 
1. Hauling system 
waiting time 
30 
Figure 9. Corn silage harvesting and hauling time, recommended 
~ 
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delay to be 1n the less expensive hauling part of the system. 
Combining Corn 
All the corn combined by the Farm Service was harvested 
by a six-row IH 1440, axial flow combine except for one field 
as stated before. A major breakdown was encountered when 
the header drive shaft broke. After three days delay another 
IH 1440 combine was loaned by the dealer while replacing the 
shaft which was not immediately available. 
Table 10 shows the field data analysis of the IH 1440 
combine harvester when combining corn. The combine was 
operated at a forward speed ranging from 5.00 to 5.05 and 
averaging 5.04 kilometers per hour (3.13 mph). The field 
efficiency range was 74.30-76.81% and averaged 75.77% while 
covering its full rated width of 4.57 meters (15ft). These 
figures indicate consistently high field performance during 
the entire test periods. 
The combine maintained a field capacity of 1.75 hectares 
per hour (4.31 a/h), higher than the Iowa average. The 
material capacity was 14.22 metric tons per hour (559.93 bu/h) 
on fields yielding 8.15 metric tons per hectare (129.91 bu/h). 
The combine fuel consumption of 13.53 liters per hectare (1.45 
gal/a) is lower than the Iowa average of 17.68 liters per 
hectare. 
The corn hauling equipment was two 280-bushel trucks 
which handled the operation without any major delay. The 
Table 10. 
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Average results of the field data analysis, 
IH 1440 combine 1n combining corn 
Combining corn Operation 
Equipment 
Operator 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Moore 
Machine Field Time 
Percent 
Min/ha Min/a Percent range 
Theoretical operating time 26.04 10.55 75.77 74-77 
Turning time 2.06 0.83 5.97 5-8 
Travel time to unload 1.12 0.45 3.27 2-5 
Unloading time 2.92 1.18 8.50 7-9 
Field maintenance and 
minor repairs 0,68 0.28 1.96 0-3 
Waiting for hauling equipment 0.95 0.39 2.77 0-8 
Operator personal time 0.60 0.24 1.75 0-3 
Total 34.37 13.92 99.99 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 5.04 (3.13) 
Theoretical field capacity ha/h (a/h) 2.30 (5.69) 
Effective field capacity ha/h (a/h) 1.75 (4.31) 
Field efficiency percent 75.77 
Yield t/ha (T/a) 8.15 (3.64) 
bu/a 129.91 
Material capacity t/h ( T/a) 14.22 (15.68) 
bu/h 559.93 
Fuel Consumption 
Fuel per hour L/h (gal/h) 23.60 ( 6. 24) : 
Fuel per area L/ha (gal/a) 13.53 (+.45) 
Fuel per material L/t (gal/T) 1.66 (0.40) 
gal/100 bu 1.11 
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machine field time study showed a maximum combine waiting 
time for hauling equipment of 7.76 minutes per hectare and 
an average of 2.77% of the field time. Travel to unload, and 
unloading the corn contributed 11.77% of the field time. This 
amounts to half of the supporting and delay function time. 
The author recommended the unloading of corn while harvest-
lng. It was tested and there was no significant effect on the 
machine performance while unloading. The combine operator 
had to shift one lever on and off while the relative motion 
and position of the two units was monitored by the truck 
operator. If unloading while harvesting is to be adopted, 
the field efficiency will increase to 85.86% and the field 
capacity of the combine will be 1.98 hectares per hour (4.89 
acres/h). 
Soybean Harvesting 
The soybeans harvested by Farm Service were of different 
varieties froundation seed. Three Gleaner combines models 
K, F, and F-2 were mainly used to harvest soybeans. The 
Gleaner combines were favored for their simple and quick 
cleaning procedures. The IH 1440 combine harvester, after 
combining corn was completed, was used to harvest three fields 
of soybeans of the same variety. 
The Gleaner combine model K had a 13 ft header and was 
powered by a 70 horsepower gasoline engine. The other two 
Gleaner combines were each equipped with a 15 ft header and 
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were powered by diesel eng1nes. The F-2 is the newer version 
of the model F. It has a larger cleaning area and a 95 horse-
power eng1ne, five horsepower larger than the engine of 
model F. The IH 1440 combine was equipped with a 15 ft header. 
The average results of the field data analysis including 
machine field time, machine capacities, field efficiency, and 
fuel consumption for the Gleaner combines models K, F, and 
F-2 and the IH 1440 are listed in Tables 11, 12, 13, and 14, 
respectively. For every field data and analysis see 
Appendix c. 
The field efficiencies of the three Gleaner combines rank 
in the higher range of field efficiencies listed for combines 
byHunt (1977) and Kepner et al. (1977). Although model K had the 
highest field efficiency of 80.49%, its field capacity was the 
lowest even if the performance was compared per foot of header 
width. The slow forward speed of the model K contributed to 
its high field efficiency and low field capacity. The field 
capacities for models F and F-2 were higher than the average 
harvesting capacity in Iowa. The F-2 combine performed with 
a higher field efficiency and capacity than model F. This 
might be related to the fact that the F-2 is equipped with a 
higher horsepower engine and greater cleaning capacity than 
the model F. 
The machine field time results for the Gleaner combines 
showed a negligible waiting time for hauling equipment except 
for model F. The turning time for model F-2 was higher than 
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Table 11. Average results of the field data analysis, 
Gleaner combine model K in harvesting soybeans 
Operation 
Equipment 
Operator 
Soybean harvesting 
K-Gleaner combine harvester 
Harold c. Cochran 
Machine Field Time 
Min/ha 
Theoretical operating time 3B.6a 
Turning time 1.24 
Travel time to unload 1.71 
Unloading time 2.04 
Field maintenance and 
minor repairs 0.48 
Waiting for hauling equipment 0.66 
Operator personal time 3.22 
Total 48.02 
Min/a 
15.655 
0.50 
0.69 
0.825 
0.195 
0.265 
1.305 
19.435 
Machine Capacities and Efficiency 
Speed km/h ( mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
Percent range 
80.49 77-84 
2.575 2,....3 
3.55 2-4 
4.24 4 
1.02 0-2 
1.395 0-3 
6.73 5-8 
100.00 
4.08 (2.535) 
1.56 (3.845) 
1.25 (3.09} 
80.49 
3.57 (1.59) 
53.07 
4.46 (4.92) 
163.99 
21.76 {5.75) 
17.40 (1.86} 
4. 87 (1.17) 
3.50 
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Table 12. Average results o f the field data analysis, 
Gleaner combine model F in harvesting soybeans 
Operation 
Equipment 
Operator 
Soybean harvesting 
F-Gleaner combine harvester 
Wayne A Taylor 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 23.63 9.57 
Turning time 0.98 0.40 
Travel time to unload 1.67 0.67 
Unloading time 2.00 0. tll 
Field maintenance and 
minor repairs 0.98 0.40 
Waiting for hauling equipment 2.60 1.05 
Operator personal time 0.95 0.38 
Total 32.81 13.29 
Machine Capacities and Efficiency 
Speed krn/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
Percent range 
72.02 71-73 
2.99 3 
5.10 5-6 
6.12 6-7 
3.03 0-6 
7. 85 2-14 
2.91 0-6 
100.02 
5.55 (3.45) 
2.54 (6.28) 
1.83 (4.52) 
72.02 
3.57 (1.59) 
53.07 
6.53 (7.20) 
239.88 
15.57 (4.11) 
8.51 ( 0. 91) 
2.38 (0.57} 
1.71 
Table 13. 
Operation 
Equipment 
Operator 
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Average results of the field data analysis of 
Gleaner Model F-2 in harvesting soybeans 
Soybean harvesting 
F-2 Gleaner combine 
R. D. Olson 
Machine Field Time 
Percent 
Min/ha Min/a Percent range 
Theoretical operating time 23.18 9.37 75.30 71-82 
Turning time 1.99 0.81 6.47 5-8 
Travel time to unload 0.96 0.39 3.11 2-5 
Unloading time 1. 89 0.76 6.13 5-7 
Field maintenance and 
minor repairs 2.62 1.06 8.53 0-14 
Waiting for hauling equipment o.oo o.oo o.oo 0 
Operator personal time 0.14 0.06 0.46 0-2 
Total 30.78 12.45 100.00 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 5.71 (3.55) 
Theoretical field capacity ha/h (a/h) 2.61 (6.45) 
Effective field capacity ha/h (a/h) 1.96 ( 4. 84) 
Field efficiency percent 75.30 
Yield t/ha (T/a) 3.16 (1.41) 
bu/a 46.98 
Material capacity t/h (T/a) 6.19 (6.82) 
bu/h 227.38 
Fuel Consumption 
Fuel per hour L/h (gal/h) 19.05 (5.03) 
Fuel per area L/ha (gal/a) 9.68 (1.04) 
Fuel per material L/t (gal/T) 3.06 (0.73) 
gal/100 bu 2.21 
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Table 14. Average results of the field data analysis, IH 
1440 combine in harvesting soybeans 
Soybean harvesting Operation 
Equipment 
Operator 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 27.74 11.23 
Turning time 1.10 0.45 
Travel time to unload 0.72 0.29 
Unloading time 1. 85 0.75 
Field maintenance and 
minor repairs 6.21 2.51 
Waiting for hauling equipment o.oo o.oo 
Operator personal time o.oo 0.00 
Total 37.62 15.23 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
percent 
t/ha (T/a) 
bu/a 
t/h (T/a) 
bu/h 
ConsumQtion 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
Percent 
Percent range 
73.73 71-76 
2.94 2-3 
1.92 1-2 
4.91 4-5 
16.50 15-18 
o.oo 0 
o.oo 0 
100.00 
5.68 (3.53) 
2.60 (6.42) 
1.60 (3.95) 
61.44 
3.31 (1.48) 
49.17 
5. 28 ( 5. 82) 
193.98 
24.79 (6.55) 
15.53 (1.66) 
4.70 (1.13) 
3.38 
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the other two. The travel time to unload and unloading time 
contributed 7.79, 11.22 and 9.24% of the field time for 
models K, F and F-2, respectively. 
For better field performances of the two Gleaner combines, 
models F and F-2, it is recommended to eliminate the travel 
time to unload and the unloading time by unloading while har-
vesting. This will further increase their field efficiencies 
and capacities. For model K it was found that even if a 100% 
field efficiency is maintained its field capacity will not 
reach the Iowa average. Knowing that increasing the speed 
was inhibited by overloading the machine's functional units, 
it is recommended by the author to replace the Gleaner combine 
model K. 
The IH 1440 combine ·harvester was operating in soybean 
fields with severe weed infestations and with lodged stalks. 
These conditions prevented the combine from utilizing its full 
rated width. Only five rows out of a possible six rows with 
a 15 ft header were harvested to avoid weed entanglement on 
both ends of the reel. Table 14 lists the total field data 
analysis of this machine operation and shows that the field 
maintenance and minor repairs time was ranging from 15.39 
to 17.61 and averaging 16.50% of the field time. All of this 
time was wasted in unplugging the reel or the header auger. 
Nevertheless, the IH 1440 combine was combining 73.73% of the 
time (61.44% field efficiency while cutting 5 rows) and har-
vesting 1.5 hectares per hour (3.95 a/h) while consuming 15.53 
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liters of diesel fuel per hectare (1.66 ga./a). 
Although the performance of the IH 1440 combine in har-
vesting soybeans was better than the Iowa average, it is be-
lieved that the poor crop conditions hindered the combine per-
formance. The author recommends that these results be 
compared only to performance of other combines in similar crop 
conditions. 
Fall Plowing 
The fall plowing was conducted by two moldboard plow 
systems: 
System A: Case 1370 tractor and IH 720 (6-18") 
moldboard plow, 
System B: Ford 9700 tractor and White 558 (5-18") 
moldboard plow. 
System A was plowing 90.33% of the field time (93.55% 
field efficiency due to a slight overcut) with a field capacity 
of l. 63 hectares per hour ( 4. 02 a/h) • The machine field time 
study of both systems shows that system B has greater turning 
time per hectare than system A. This might have resulted from 
the fact that more turns per hectare were required for system 
B due to its narrow machine width. 
The higher turning time per hectare and the significant 
operator personal time reduced the time efficiency of system 
B to 81.09%. Its field efficiency was 83.77% and 1.32 hec-
tares (3.27 a) were plowed per hour. The fuel consumption 
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of both systems was lower than the Iowa average for moldboard 
plowing. Tables 15 and 16 list the average results of the 
field data analysis for systems A and B, respectively. 
The field efficiencies of the two systems were higher 
than their time efficiencies. This resulted from machine 
coverage of more than their rated width. This method of 
operation might affect the quality of performance, which was 
not monitored in this study. 
One and two data sets were collected for systems B and A, 
respectively, and were tabulated with their analyses in 
Appendix D. The fall plowing was studied when it did not 
interfere with the major objectives of this study. Although 
the results seem reasonable, only a limited amount of data was 
collected. 
Dry Fertilizer Spreading 
The dry fertilizer was applied by Agrico Farm Center, 
hired by the Farm Service. A Big A-2500 self-propelled ap-
plicator was used to spread dry fertilizer at a rate of 168.12 
kg/ha on the Bilsland farm. The average field capacity was 
33.47 hectares per hour (82.70 a/h). As the machine coveres 
a hectare in less than two minutes, the machine field time 
study was calculated in seconds to establish comparative 
figures for the different field functions. Table 17 lists 
the average results of the data analysis tabulated in 
Appendix E. 
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Table 15. Average results of the field data analysis, Case 
1370 tractor and IH 720 (6-18") moldboard plow in 
fall plowing 
Operation Fall plowing 
Equipment Case 1370 tractor & IH 720 moldboard plow 
Operator _ Freddie Voglin 
Field Location Larson Farm 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
Min/ha 
33.39 
2.78 
0.79 
Waiting for hauling equipment 
Operator personal time o.oo 
36.96 Total 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
percent 
t/ha (T/a) 
bu/a 
t/h (T/a) 
bu/h 
Fuel Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
Min/a 
13.51 
1.13 
0.32 
0.00 
14.96 
Percent 
90.33 
7.52 
2.15 
o.oo 
100.00 
6.36 (3.95) 
1.75 (4.31) 
1.63 (4.02) 
93.55 
29.09 (7.69) 
17.96 (1.92) 
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Table 16. Average results of the field data analysis, Ford 
9700 tractor and White 558 (5-18") moldboard plow 
in fall plowing 
Operation 
Equipment 
Operator 
Fall plowing 
Ford 9700 & White 558 (5-18") moldboard plow 
Harold C. Cochran 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
·Min/ha 
36.77 
4.29 
1.31 
Waiting for hauling equipment 
Operator personal time 2.97 
45.34 Total 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (~) 
Field efficiency 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
percent 
t/ha (T/a) 
bu/a 
t/h (T/a) 
bu/h 
Fuel Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
Min/a 
14.88 
1.74 
0.53 
1.20 
18.35 
Percent 
81.09 
9.46 
2.90 
6.55 
100.00 
6.90 (4.29) 
1.58 (3.90) 
1.32 (3.27) 
83.79 
24.38 (6.44) 
18.40 (1.97) 
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Table 17. Average results of the field data analysis, Big 
A-2500 in dry fertilizer spreading (bulk truck) 
Operation 
Equipment 
Operator 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Field Location 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm 
Machine Field Time 
Sec/ha Sec/a 
Theoretical operating time 79.02 31.98 
Turning time 14.04 5.68 
Travel time to unload 4.25 1.72 
Unloading time 9.07 3.67 
Field maintenance and 
minor repairs 1.56 0.63 
Waiting for hauling equipment o.oo 0.00 
Operator personal time 0.60 0.24 
Total 108.54 43.92 
Machine Capacities and Efficiency 
Percent 
72.81 
12.93 
3.92 
8.35 
1.44 
o.oo 
0.55 
100.00 
Speed km/h (mi/h) 25.13 (15.62) 
Theoretical field capacity 
Effective field capacity 
Field efficiency 
Application rate 
Material capacity 
ha/h (a/h) 
ha/h (a/h) 
percent 
kg/ha (lb/a) 
bu/a 
t/h (T/a) 
bu/h 
45.97 
33.47 
72.81 
168.12 
5.63 
(113.58) 
(82.70) 
(150.00) 
( 6. 20) 
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Although the average field results showed a high field 
efficiency of 72.82% and no waiting time for hauling equip-
ment, about half an hour of waiting time for hauling equip-
ment was encountered between two fields. Including this 
waiting time, which accounts for 20.68% of the total spreading 
time, the field efficiency of the total operation was 61.05% 
as shown in Table 18. This reduces the field capacity from 
33.47 to 23.47 hectares per hour (57.99 a/h). This reflects 
the increasing importance of better machine management to re-
duce time losses of large capacity machines. 
The Big A-2500 was operating at a rated width of 18.29 
meters (60 ft) and its high forward speed enables it to cover 
average Iowa fields in a portion of the working day. This 
assures rapid coverage of the total field, eliminating any 
fertilizer performance differences due to rain. 
The rate of fertilizer application by the Big A-2500 
v aries with the speed. A highly skilled operator is needed to 
maintain the rated speed and estimate the turning width with 
minimum turning time. The field efficiency stated in Table 
17 could have been accomplished for the total field operation 
if another hauling truck was available. 
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Table 18. Average results of the field data analysis, Big 
A-2500 in dry fertilizer spreading (bulk truck), 
total operation 
Operation 
Equipment 
Operator 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Field Location 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
Min/ha 
74.11 
13.57 
14.24 
8.52 
1.73 
30.01 
2.96 
145.14 
Machine Capacities and Efficiency 
Sec/a 
29.99 
5.49 
5.77 
3.45 
0.69 
12.15 
1.20 
58.74 
Percent 
51.06 
9.35 
9.81 
5.87 
1.19 
20.68 
2.04 
100.00 
Speed km/h ( mi/h) 25.13 (15.62) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h ( a/h} 
Field efficiency percent 
Application rate kg/ha (lb/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
45.97 
23.47 
51.06 
168.12 
3.95 
(113.58} 
(57.99) 
(150.00) 
(4.35) 
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SUMMARY 
The objectives of this study were: 
1. To collect data on actual field time and fuel re-
quirements to harvest corn and soybeans in typical 
Iowa conditions. 
2. To determine the capacities and field efficiencies of 
typical corn and soybean harvesting machines. 
3. To provide a basis for recommendations for better 
management. 
Operations analyses of corn silage harvesting, combining 
corn, and soybean harvesting were conducted at Iowa State 
University to study the field performance of the modern har-
vesting equipment in typical Iowa fields. Fall plowing and 
dry fertilizer spreading were also studied. The field capaci-
ty, material capacity, field efficiency, and fuel consumption 
of each machine were determined and these are listed in Table 
19. The machine field time was also studied and time for 
every machine function was determined in minutes per hectare, 
minutes per acre, and in percent of the total field time, 
as shown in Table 20. 
The study showed that the performance of the forage 
harvester and the Gleaner combine model K harvesting soy-
beans were below Iowa averages, while combining corn, the 
rest of the soybean harvesting (except for model K), and fall 
plowing performance were better than the Iowa averages. 
Table 19. Average observed field efficiency, capacities, and fuel consumption 
of machinery used in the study 
Field operation 
and equipment 
Machine 
size 
(meters) 
Corn silage harvesting 
New Holland 880 
forage harvester 
Corn combining 
rn 1440 combine 
Soybean harvesting 
Gleaner Combines 
K 
F 
F-2 
Fall plowing 
Ford 9700 tractor & 
White 558 moldboard 
2-row 
6-row 
3.96 
4.57 
4.57 
plow 5-18" 
Case 1370 tractor & IH 
72 0 moldboard plow 6-18" 
Dry fertilizer spreading 
Big A-2500 18.25 
Speed 
(kin/h) 
4.79 
5.04 
4.08 
5.55 
5.71 
6.90 
6.36 
25.13 
Field 
efficiency 
(%} 
56.15 
75.77 
80.49 
72.02 
75.30 
83.79 
93.55 
51.06 
Effective 
Field 
capacity 
(ha/h) 
0.41 
1 .. 75 
1.25 
1.83 
1.96 
1.32 
1.63 
23.47 
Material 
capacity 
(t/h) 
15.38 
14.22 
4.46 
6.53 
6.19 
Fuel 
consumption 
(Liha) 
37.51 
13.53 
17.40 
8.51 
9.68 
18.40 
17.96 
(}"\ 
w 
Table 20. Machine field time 
Item 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and mlnor repalrs 
Waiting for hauling equipment 
Operator personal time 
Total 
Forage harvesting 
New Holland 
880 forage 
harvester 
Min/ha Percent 
82.25 56.15 
10.11 6.90 
16.67a 11.38a 
13.40 9.15 
24.05 16.42 
o.oo o.oo 
146.48 100.00 
aValue for idle travel and wagon hitching. 
Corn combining 
IH 1440 
combine 
Min/ha Percent 
26.04 75.77 
2. 06 5.97 
1.12 3.27 
2.92 8.50 
0.68 1.96 
0.95 2.78 
0.60 1. 75 
34.37 100.00 
(J) 
.t>. 
Table 20. (Continued) 
Soybean harvesting 
Gleaner combines 
K F F-2 rn 1440 
Item Min/ha Percent Min/ha Percent Min/ha Percent Min/ha Percent 
Theoretical 
operating time 38.68 80,49 23.63 72.02 23.18 75.30 27.74 73.73 
Turning time 1.24 2.57 0,98 2.99 1.99 6.47 1.10 2.94 
Travel time 
to unload 1.71 3.55 1.67 5.10 0.96 3.11 0.72 1.92 
Unloading time 2.04 4.24 2.00 6.12 1.89 6.13 1.85 4.91 (J) 
U1 
Field maintenance 
and minor repairs 0,48 1.02 0.98 3.02 2.62 8.53 6.21 16.50 
Waiting for hauling 
equipment 0.66 1.39 2.60 7.84 OoOO o.oo o.oo o.oo 
Operator personal 
time 3.22 6.73 Oo95 2.91 0.14 0.46 0.00 0.00 
Total 48.02 100.00 32.81 100.00 30.78 100.00 37.62 100.00 
Table 20. (Continued) 
Fall :Qlowing Spreading dry 
Ford 9700 tractor Case 1370 tractor fertilizer 
& White 558 (5-18") & IH 720 (6-18") (bulk truck) 
moldboard :Qlow moldboard :Qlow Big A-2500 
Item Min/ha Percent Min/ha Percent Sec/ha Percent 
Theoretical operating 
time 36.77 81.09 33.39 90.33 74.11 51.06 
Turning time 4~29 9.46 2.78 7.52 13~57 9.35 
Travel time to unload - - - - 14.24 9. 81 
Unloading time - - - - 8.52 5.87 0) 
0) 
Field maintenance and 
minor repairs 1.31 2.90 0.79 2.15 1.73 1.19 
Waiting for hauling 
equipment - - - - 30.01 20.68 
Operator personal time 2.97 6.55 o.oo o.oo 2.96 2.04 
Total 45.34 100.00 36.96 100.00 145.14 100.00 
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The fertilizer spreader was not compared to Iowa averages 
since it is a large machine not commonly owned by farmers. 
For better machine management the author recommends the 
following: 
1. Increasing the hauling capacity of the corn silage 
by adding a tractor and a wagon to eliminate the 
time the harvester must wait for hauling equipment. 
This will increase the field efficiency and field 
capacity of the forage harvester. 
2. Unloading corn and soybeans while harvesting to in-
crease the combine field efficiency and capacities. 
3. Replace the Gleaner combine model K with a combine 
having a higher capacity. 
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RECOMMENDATIONS FOR FURTHER STUDY 
1. Conduct a simultaneous study of both quantity and 
quality of machine performance. A high rate of 
performance of a machine could result in a lower 
quality performance, and vice versa. 
2. Study the performance of modern machinery for all 
field operations used to produce corn and soybeans 
in Iowa. A comprehensive study of this type was 
conducted by Marley (1960) on an Iowa farm. 
3. Conduct a comparative study of similar modern machines 
or systems of machines in the production of corn and 
soybeans in Iowa. Recently, Fairbanks and others 
(1978) compared an IH 1460 axial flow combine with a 
John Deere 7700 conventional combine. 
4. The capacities of hauling systems as related to dis-
tances traveled and harvesting capacities should be 
investigated to establish the optimum hauling systems 
for corn silage, corn, and soybeans in Iowa. 
5. Instrument a tractor to collect and record machine 
performance data, fuel consumption, and power require-
ments. Twelve-volt d.c. operated portable cassette 
recording units for digital and analog signals are 
available at reasonable prices. The Iowa State Uni-
versity Computation Center is now equipped to read in 
data from a digital cassette tape. 
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APPENDIX A. FORAGE HARVESTING, CORN SILAGE 
FIELD DATA AND ANALYSIS 
Data Sheet No. 1 
Date a 9-8-1978 
Operation a Forage harvesting, corn silage 
Equipment a Ford 9700 tractor & New Holland 880 (2-tow) forage harvester 
Operator a Harold c. Cochran 
Field Locations Dairy West 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Time to Free maintenance for Operator 
operating change travel and minor hauling personal 
No. time Turning wagons time repairs equipment time 
1 1.90 0.50 
2 1. 82 0.45 -....] 
3 1.90 0.53 w 
4 1.85 0.50 
5 1.90 1.82 1.75 7.95 8.70 
6 1.90 0.48 
7 1.82 0.4 .3 
8 1. 89 0.88 1.05 
9 1.89 0.41 
10 1.94 1.73 1.67 3.35 1.57 
11 1.88 0.45 
12 1. 85 0.45 
13 1. 89 0.46 
14 1. 85 0.36 
15 1.92 2.33 2.28 4.75 
Data Sheet No. 1 
Date a 
Operation a 
Equipment a 
Operators 
Field Locations 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Time to Free maintenance for Operator 
operating ch~nge travel and minor hauling personal 
No. time Turning wagons time repairs equipment time 
16 1.88 0.44 
17 1. 84 0.56 
...J 
18 1.92 0.88 ~ 
19 1.90 0.93 
20 2.02 1.92 10.27 
21 1.96 0.72 
22 1.85 0.73 
23 1.97 1.08 
24 1.82 0.90 
25 1.95 2.80 8. 85 
Total 47.31 12.14 7.80 8.5o · 12.35 34.14 o.oo 
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Data Sheet No. 2 
9-8-1978 
Forage harvesting, corn silage 
Date a 
Operations 
Equipments Ford 9700 tractor and New Holland 880 (2-row) 
forage harvester 
Operator• Harold c. Cochran 
Field locations Dairy West 
Total test time 122.24 ,min 
Average row length 568 ft 
Row width 2.5 ft 
Theoretical machine width 5.0 ft 
Effective machine width 5.0 ft 
Total test area 1.63 acre 
Total field area 1.63 acre 
Total fuel used 7.8 gal 
Total crop harvested >65% MC 31.52 T 
Distance from field to headquarters 
_Distance from field to silo 
Tractor maximum PTO horse power 
Soil types Clarion loam and Webster clay loam 
Field conditions Rectangular, 0 to 9% slope, firm 
Crop conditions Erect with minor weed infestation 
Crop varietya Pioneer 3780 
0.75 mi 
0.50 mi 
135 hp 
Hauling equipments 2 wagons (6 tons average wagon capacity) 
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Field Data Analysis 
(Data sheets 1 & 2) 
9-8-1978 Dates 
Operations 
Equipment a 
Operator . 
Field Locations 
Forage harvesting, corn silage 
Ford 9700 tractor & New Holland 880 (2-row) 
Harold c. Cochran /forage harvester 
Dairy West 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 73.62 29.80 
Turning time 18.89 7.64 
Idle travel and wagon 
hitching 25.38 10.27 
Field maintenance and 
minor repairs 19.22 7.78 
Waiting for hauling equipment 53.13 21.50 
Operator personal time o.oo o.oo 
Total 190.24 76.99 
Machine Capacities and Efficiency 
Speed km/h (mi/h} 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
38.70 
9.93 
13.34 
10.10 
27.93 
o.oo 
o.oo 
5.49 (3.41) 
0.84 (2.07) 
0.32 (0.79) 
38.70 
43.35 (19.34) 
13.86 (15.28) 
14.26 (3.77) 
44.59 (4.78) 
1.03 (0.25} 
Data Sheet No. 1 
9-9-1978 
Forage harvesting, corn silage 
Date a 
Operation a 
Equipment a 
Operator a 
Ford 9700 tractor & New Holland 880 (2-row) forage harvester 
Harold c . . Cochran 
Field Locations Dotson Farm 
Machine Field Time (minutes) 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Total 
Theoretical 
operating 
time 
5.20 
4.20 
4.23 
4.17 
4.22 
3.70 
4.22 
3.85 
4.30 
4.22 
4.25 
4.15 
50.71 
Turning 
0.55 
0.54 
0.53 
0.60 
0.55 
0.55 
0.52 
0.55 
0.60 
0.59 
0.65 
6.23 
Idle 
travel 
~nd wagon 
hitching 
1.35 
2.46 
1. 89 
2.05 
1.63 
0.90 
10.28 
Field Waiting 
maintenance___ for 
and minor hauling 
repairs equipment 
8.26 
9.25 
5.58 
8.26 14.83 
Operator 
personal 
time 
o.oo 
--.J 
--.J 
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Data Sheet No. 2 
Date a 
Operation a 
Equipment a 
Operator a 
9-9-1978 
Forage harvesting, 
Ford 9700 tractor & 
Harold C. Cochran 
Field Locations Dotson Farm 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total crop harvested @ 65% MC 
Distance from field to headquarters 
Engine horsepower 
corn silage 
New Holland 880 (2-row) 
/forage harvester 
90.31 min 
1106 ft 
2.5 ft 
5.0 ft 
5.0 ft 
1.52 acre 
18.50 acre 
74.2 gal 
311.72 T 
1. 63 mi 
135 hp 
Soil typea Clarion loam and Nicollet loam 
Field conditions Irregular shape, 1 to 5% slope, firm 
Crop conditions Erect with minor weed infestation 
Grain varietys Pioneer 3780 
Hauling equipment• 3 wagons (6 tons average wagon capacity) 
and 2 tractors for the first 3 loads of the 
test. 2 wagons (6 tons average wagon 
capacity) and one tractor for the following 
3 loads 
Date: 
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Field Data Analysis 
(Data sheets 1 & 2) 
9-9-1978 
Operation 
Equipment 
Operator . 
Field Locations 
Forage harvesting 
Ford 9700 tractor 
Harold C • Cochran 
Dotson Farm 
corn silage 
& New Holland 880 (2-row) 
/forage harvester 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 82.25 33.29 
Turning time 10.11 4.09 
Idle travel and wagon 
hitching 16.67 6.75 
Field maintenance and 
minor repairs 13.40 5.42 
Waiting for hauling equipment 24.05 9.73 
Operator personal time o.oo o.oo 
Total 146.48 59.28 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
56.19 
6.90 
1.38 
9.15 
16.42 
o.oo 
100.00 
4.79 (2.97) 
0.73 (1.80} 
0.41 (1.01} 
56.15 
37.77 (16.85) 
15.49 (17.07) 
15.38 (4.05) 
37.51 (4.01) 
o. 99 ( 0. 24) 
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APPENDIX B. COMBININ3 CORN FIELD DATA 
AND ANALYSIS 
Data Sheet No. 1 
Date a 10-13-1978 
Operation a Combining corn 
Equipment a IH 1440 combine harvester (6-row, axial flow) 
Operator a Lloyd D. Moore 
Field Location& Beef Nutrition (1} 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 5.71 0.35 
2 5.75 0.33 0.44 1.10 
CD 
3 5.90 0.28 0.7oa 1-' 
4 5.45 0.28 1.04 0.57 
5 5.59 0.30 
6 5.42 0.3 2 0.32 1.12 
7 5. 35 0.30 
8 · 5.49 0.36 0.61 1.05 3.20 
9 5.38 0.45 
10 5.55 0.27 0.48 1.09 
11 5.61 0.32 
12 5.54 0.47 0.37 0.60 
13 5.60 0.65 
14 5.23 0.65 0.30 1.05 0.50 1.15 
15 5.75 0.63 2.65 
16 5.67 0.57 0.42 1.20 
17 5.86 0.55 0.25 
18 5.72 0.50 1.44 1.11 
19 5.70 - 1.25 1.20 
Total 106.27 7.58 6.67 10.09 3.40 o.oo 4.35 
aUnloading while combining. 
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Data Sheet No. 2 
10-13-1978 
Combining corn 
Date a 
Operation a 
Equipment a 
Operator a 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Moore 
Field Locations Beef Nutrition (1) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil typess Lester loam and Clarion loam 
Field conditions Rectangular, 2 to 5% slope 
138.36 min 
1530 ft 
30 ft 
15 ft 
15 ft 
10.01 acre 
22.00 acre 
29.60 gal 
2673 bu 
5.27 mi 
135 hp 
Crop conditions Erect with minor weed infestation . 
Grain variety, Pioneer-3780 
Hauling equipment, 2 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacity• 145 bushels 
Date 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-13-1978 
Combining corn Operation 
Equipment 
Operator . 
Field Location : 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Moore 
Beef Nutrition (1) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 26.23 10.62 76.81 
Turning time 1.87 0.76 5.48 
Travel time to unload 1. 65 0.66 4.82 
Unloading time 2.49 1.01 7.29 
Field maintenance and 
minor repairs 0.84 0.34 2.46 
Waiting for hauling equipment o.oo o.oo o.oo 
Operator personal time 1.07 0.43 3.14 
Total 34.15 13.82 100.00 
Machine Ca:12acities and Efficiency 
Speed km/h (mi/h) 5.00 (3.11) 
Theoretical field capacity ha/h (a/h) 2.29 (5.65) 
Effective field capacity ha/h (a/h) 1.76 (4.34) 
Field efficiency percent 76.81 
Yield t/ha (T/a) 7.51 (3.40) 
bu/a 121.50 
Material capacity t/h (T/a) 13.21 (14.76) 
bu/h 527.31 
Fuel Consum}2tio,o 
Fuel per hour L/h {gal/h) 22.15 (5.85) 
Fuel per area L/ha (gal/a) 12.58 (1.35) 
Fuel per material L/t (gal/T) 1.68 (0.40) 
gal/100 bu 1.11 
Date' 
Operation' 
Equipment& 
Operator& 
Field Location& 
10-4-1978 
Combining corn 
Data Sheet No. 1 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Moore 
Beef Nutrition (2) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 4.53 0.30 
2 4.43 0.34 0.17 1.05 
3 4.54 0.27 
4 4.50 0.38 0.18 1.07 
5 4.47 0.28 
6 4.42 0.50 0.35 1.07 
7 4.65 0.30 
8 4.58 0.30 0.31 1.06 
9 4.58 0.25 
10 4.48 0.32 1.00 
Total 45.18 2.92 1.33 5.25 o.oo 
Waiting 
for 
hauling 
equipment 
4.60 
4.60 
Operator 
personal 
time 
o.oo 
co 
~ 
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Data Sheet No. 2 
10-4-1978 
Combining corn 
Date a 
Operation a 
Equipment a 
Operator a 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Noore 
Field Locations Beef Nutrition (2) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested @ 14% MC 
Distance from field to headquarters 
Engine horsepower 
Soil type~ Clarion loam and Storden loam 
Field condition: Rectangular, 2 to 9% slope 
59.28 min 
1247 ft 
30 ft 
15 ft 
15 ft 
4.29 acre 
19.13 acre 
29.7 gal 
2728.70 bu 
5. 27 mi 
135 hp 
Crop conditions Ere~t with minor weed infestation 
Grain variety: Pioneer 3780 
Hauling equipment: 2 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacitys 145 bushels 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-4-1978 
Combining corn 
Dates 
Operations 
Equipment 
Operator 
IH 1440 combine harvester (6-row, axial flow) 
Lloyd D. Moore 
Field Locations Beef Nutrition (2) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 25.98 10.51 76.21 
Turning time 1.68 0.68 4.93 
Travel time to unload 0.76 0.31 2.24 
Unloading time 3.02 1.22 8.86 
Field maintenance and 
minor repairs o.oo o.oo o.oo 
Waiting for hauling equipment 2.65 1.07 7.76 
Operator personal time o.oo o.oo o.oo 
Total 34.09 13.79 100.00 
t1achine CaQacities and Efficiency 
Speed km/h (mi/h) 5.05 (3.14) 
Theoretical field capacity ha/h (a/h) 2.31 (5.70) 
Effective field capacity ha/h (a/h) 1. 76 (4.35) 
Field efficiency percent 76.21 
Yield t/ha (T/a) 8.95 (3.99) 
bu/a 142.64 
Material capacity t/h ( T/a) 15.76 (17.37) 
bu/h 619.98 
Fuel Consumption 
Fuel per hour L/h (gal/h) 25.55 (6.75) 
Fuel per area L/ha (gal/a) 14.53 (1.55) 
Fuel per material L/t (gal/T) 1.62 (0.39) 
gal/100 bu 1.09 
Data Sheet No. 1 
Date a 10-4-1978 
Operation a Combining corn 
Equipment a IH 1440 combine harvester (6-row, axial flow) 
Operator a Lloyd D. Moore 
Field Locations Beef Nutrition (3} 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 4.35 0.63 
2 4.35 0.60 0.22 1.05 2.10 a:> 
3 4.43 0.54 -....) 
4 4.33 0.55 0.84 1. 05 
5 4.20 0.55 
6 4.31 0.54 0.16 1.04 
7 4.35 0.50 
8 4.32 0.45 0.65 1.07 0.27 
9 4.35 0.42 
10 4. 32 0.40 0.15 1.08 0.13 
11 4.24 0.33 
12 4.45 0.43 1.07 0.47 
13 4.30 0.31 0.50 
14 4.35 0.32 1.08 1.85 
15 4.32 0.38 0.74 
Total 64.97 6.57 2.40 8.18 3.00 0.47 1.85 
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Data Sheet No. 2 
Datea 10-4-1978 
Operationa Combining corn 
Equipmenta IH 1440 combine harvester (6-row, axial flow) 
Operatora Lloyd D. Moore 
Field Locationa Beef Nutrition (3) 
Total test time 67,44 min 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested @ 14% MC 
Distance from field to headquarters 
Engine horsepower 
Soil type: Clarion loam and Nicollet loam 
1196 ft 
2.5 ft 
15.0 ft 
15,0 ft 
6.18 acre 
6.18 acre 
8.9 gal 
776.21 bu 
5.27 mi 
135 hp 
Field conditione Rectangular shape, 1 to 5% slope 
Crop condition: Erect with minor weed infestation . 
Grain variety: Pioneer 3780 
Hauling equipment: 2 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacitya 145 bushels 
Date: 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-4-1978 
Combining corn Operation: 
Equipment: IH 1440 combine harvester (2-row, axial flow) 
Operator: _ 
Field Location: 
Lloyd D. Hoare 
Beef Nutrition (3) 
Machine Field Time 
Min/ha 
Theoretical operating time 25.92 
Turning time 2.62 
Travel time to unload 0.95 
Unloading time 3.26 
Field maintenance and 
minor repairs 1.20 
Waiting for hauling equipment 0.19 
Operator personal time 0.74 
Total 34.88 
Min/a 
10.51 
1.06 
0.39 
1.32 
0.49 
0.08 
0.30 
14.15 
f:lachine CaQacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel ConsumQtion 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
74.30 
7.51 
2.74 
9.36 
3.43 
0.54 
2.12 
100.00 
5. 05 (3.14) 
2.31 (5.71) 
1.72 (4.24) 
74.30 
7.88 (3.52) 
125.60 
13.56 (14.91) 
532.50 
23.11 (6.10) 
13.47 (1.44) 
1.71 ( 0. 41) 
1.15 
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APPENDIX C. SOYBEAN HARVESTING FIELD DATA 
AND ANALYSIS 
Data Sheet No. 1 
Dates 10-24-1978 
Operations Soybean harvesting 
Equipments K-Gleaner combine harvester 
Operators Harold C. Cochran 
Field Locations Bean Farm 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 10.50 0.45 
2 10.60 0.30 0.72 0.83 1.80 U) 
3 10.40 0.45 ...... 
4 11.70 0.45 0.85 1.15 
5 11.65 0.70 
6 11.25 0.40 0.70 0.90 5.25 10.10 
7 10.20 0.30 
8 10.03 0.32 0.82 1.05 3.23 
9 10.12 0.30 
10 9.92 0.31 1.39 1.03 
11 9.80 0.30 
12 10.15 0.30 0.51 1 •. 04 
13 10.02 0.28 
14 9.73 0.42 2.00 3.85 
Total 146.07 4.86 5.41 8.00 3.85 5.25 15.13 
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Data Sheet No. 2 
Datea 10-24-1978 
Operationa Soybean harvesting 
Equipment• K-Gleaner combine harvester 
Operators Harold c. Cochran 
Field Location• Bean Farm 
Total test time 188.57 min 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil typea Nicollet loam and Sharps loam 
Field conditiona Rectangular, 0 to 3% slope 
2453 ft 
2.5 ft 
12.5 ft 
12.5 ft 
9.85 acre 
15.48 acre 
28.33 gal 
819.35 bu 
2.60 mi 
70 hp 
Crop conditiona Erect with minor weed infestation . 
Grain varietya Oakland 
Hauling equipment: one truck (280 bushels average truck 
capacity; 5 wagons (200 bushels average 
wagon capacity); 3 tractors 
Equipment grain bin capacitya 80 bushels 
Date a 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-24-1978 
Operation a 
Equipment a 
Operator c . 
Field Locations 
Soybean harvesting 
K-Gleaner combine harvester 
Harold c. Cochran 
Bean Farm 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 36.62 14.82 
Turning time 1.22 0.49 
Travel time to unload 1.36 0.55 
Unloading time 2.00 0.81 
Field maintenance and 
minor repairs 0.96 0.39 
Waiting for hauling equipment 1.32 0.53 
Operator personal time 3.79 1.54 
Total 47.27 19.13 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
77.46 
2.58 
2.87 
4.24 
2.04 
2.79 
8.02 
100.00 
4.30 ( 2. 67) 
1.64 (4.05) 
1.27 (3.14) 
77.46 
3.56 (1.59) 
52.93 
4.52 (4.99) 
166.20 
21.75 (5.75) 
17.12 (1.83) 
4.81 (1.15) 
3.46 
Data Sheet No. 1 
Date a 10-27-1978 
Operation a Soybean harvesting 
Equipment a K-Gleaner combine harvester 
Operators Harold C. Cochran 
Field Location• Accola Farm 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 11.20 0.37 1.41 1.22 
2 12.05 0.30 3.00 I.D 
3 12.33 0.35 1.67 0.75 ~ 
4 11.75 0.38 
5 11.12 0.40 1.16 1.16 
6 12.10 0.48 
7 11.82 0.43 0.22 1.10 
8 12.28 0.42 
9 10.83 0.38 1.06 1.15 3.00 
10 11.83 0.28 
11 11.70 0.18 1.01 1.18 2.40 
Total 129.01 3.97 6.53 6.56 o.oo o.oo 8.40 
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Data Sheet No. 2 
Date• 10-27-1978 
Operation• Soybean harvesting 
Equipment• K-Gleaner combine harvester 
Operator a Harold C. Cochran 
Field Location• Accola Farm 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
154.01 min 
2476 ft 
2.5 ft 
12.5 ft 
12.5 ft 
7.82 acre 
16.17 acre 
30.1 gal 
860.41 bu 
2.20 mi 
70 hp 
Soil typea Clarion loam and Canisteo silty clay loam 
Field conditiona Rectangular, 0-9% slope and moderately eroded 
Crop conditiona Erect with minor weed infestation . 
Grain varietya Wayne 
Hauling equipmenta 6 wagons (200 bushels average wagon 
capacity); 3 tractors 
Equipment grain bin capacity• 80 bushels 
Date: 
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Field Data Analysis 
{Data sheets 1 & 2) 
10-27-1978 
Operation: 
Equipment, 
Operator, 
Soybean harvesting 
K-Gleaner combine harvester 
Harold c. Cochran 
Field Locations Accola Farm 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 40.74 16.49 
Turning time 1.26 0.51 
Travel time to unload 2.06 0.83 
Unloading time 2.07 0.84 
Field maintenance and 
minor repairs o.oo o.oo 
Waiting for hauling equipment o.oo o.oo 
Operator personal time 2.65 1.07 
Total 48.78 19.74 
Hachine CaJ2acities and Efficiency 
Speed krn/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consum2tion 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/ a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
83.52 
2.57 
4.23 
4.24 
o.oo 
o.oo 
5.44 
100.00 
3.87 (2.40) 
1.47 (3.64) 
1.23 (3.04) 
83.52 
3.58 ( 1. 60) 
53 
4.40 (4.85) 
161 
26.07 {6.89) 
21.21 (2.27) 
5.93 {1.42) 
4.28 
Data Sheet No. 1 
Date a 10-24-1978 
Operation a Soybean harvesting 
Equipment a F-Gleaner combine harvester 
Operator a Wayne A. Taylor 
Field Locationa Bean Farm 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 7.86 .0.35 
2 7.75 0.40 1.26 1.43 2.61 \.0 
3 7. 85 0.45 -....) 
4 7.50 0.40 1.97 1.23 
5 7.95 0.35 
6 7.88 0.33 1.39 1.65 0.94 2.73 3.33 
7 8.35 0.18 
8 7.12 0.32 0.91 1.60 
9 7.83 0.30 
10 7.32 0.34 1.60 1.50 0.86 
11 8.40 0.37 
12 8.23 0.33 0.87 1.50 1.93 
13 8.38 0.52 
14 8.36 0.54 1.30 0.30 
Total 110.78 4.64 8.56 10.21 0.94 2.73 9.03 
98 
Data Sheet No. 2 
Datea 10-24-1978 
Operation• Soybean harvesting 
Equipment• F-Gleaner combine harvester 
Operator& Wayne A. Taylor 
Field Location• Bean Farm 
Total test time 155.35 min 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil type: Nicollet loam and Harps loam 
Field condition: Rectangular, 0-3% slope 
2453 ft 
2.50 ft 
15.00 ft 
15.00 ft 
11.83 acre 
22.52 acre 
20.5 gal 
1191.98 bu 
2.60 mi 
90.00 hp 
Crop condition: Ere~t with minor weed infestation 
Grain variety, Oakland 
Hauling equipment: one truck (280 bushels average truck 
capacity); 5 wagons (200 bushels average 
wagon capacity); 2 tractors 
Equipment grain bin capacity: 97 bushels 
99 
Date: 10-27-1978 
Operations Soybean harvesting 
Equipment& F-Gleaner combine harvester 
Operators .Wayne A. Taylor 
Field Location: Bean Farm 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
Min/ha 
23.15 
0.97 
1.79 
2.13 
1.96 
0.57 
1. 89 
32.46 
Min/a 
9.37 
0.39 
0.73 
0.86 
0.80 
0.23 
0.76 
13.14 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
71.31 
2.99 
5.51 
6.57 
6.05 
1.76 
5. 81 
100.00 
5.67 (3.52) 
2.59 (6.41) 
1. 85 (4.57) 
71.31 
3.56 (1.59) 
52.93 
6.58 (7.26) 
241.89 
15.74 (4.16) 
8.51 (0.91) 
2.39 {0.57) 
1.72 
Date a 
Operation a 
Equipment a 
Operator a 
Field Locationa 
Data Sheet No. 1 
10-27-1978 
Soybean harvesting 
F-Gleaner combine harvester 
Wayne A. Taylor 
Accola Farm 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 8.32 0.26 
2 8.42 0.32 0.50 1.10 
3 8.26 0.42 
4 8.08 0.34 1.67 1.09 
5 8.50 0.27 
6 8.34 0.27 1.72 1.10 
7 8.30 0.20 
8 8.30 0.20 0.43 1.47 
9 8,45 0.67 
10 8.31 0.47 1.04 1.73 15.95 
Total 83.28 3.42 5.36 6.49 15.95 
Waiting 
for 
hauling 
equipment 
o.oo 
Operator 
personal 
time 
0.00 
1-' 
0 
0 
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Data Sheet No. 2 
Datea 10-27-1978 
Operationa Soybean harvesting 
Equipment• F-Gleaner combine harvester 
Operator• Wayne A. Taylor 
Field Location• Accola Farm 
Total test time 114.50 min 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
2476 ft 
2.5 ft 
15.0 ft 
15.0 ft 
8.53 acre 
21.83 acre 
19.9 gal 
1161.57 bu 
2,20 mi 
90 hp 
Soil type: Clarion loam and Canisteo silty clay loam 
Field condition: Rectangular, 0-9% slope and moderately eroded 
Crop condition: Erect with minor weed infestation 
Grain variety: Wayne 
Hauling equipment: 6 wagons (200 bushels average wagon 
capacity); 3 tractors 
Equipment grain bin capacitys 97 bushels 
Dates 
Operation: 
Equipments 
Operators 
Field Locationa 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-27-1978 
Soybean harvesting 
F-Gleaner combine harvester 
Wayne A. Taylor 
Accola Farm 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
24.11 
0.99 
1.55 
1.88 
o.oo 
4.62 
o.oo 
33.15 
9.76 
0.40 
0.62 
0.76 
o.oo 
1.87 
o.oo 
13.41 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
72.73 
2.99 
4.68 
5.67 
o.oo 
13.93 
o.oo 
100.00 
5.44 
2.49 
1. 81 
72.73 
3.58 
53.21 
6.48 
237.85 
15.40 
8.51 
2.37 
1.71 
(3.38) 
(6.15) 
(4.47) 
(1.60) 
(7.15) 
{4.07) 
(0.91) 
(0.57) 
Date a 
Operation: 
Equipment: 
Operators 
Field Locations 
Data Sheet No. 1 
10-30-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (1) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 3.60 0.40 
2 3.38 0.43 0.75 1.18 
3 3.75 0.38 
4 3.60 0.50 3.75 
5 3.60 0.25 
6 3.68 0.32 
7 3.40 0.25 
8 3.65 0.26 1.60 1. 85 
9 3.83 0.22 
10 3.70 
Total 36.19 3.01 2.35 3.03 3.73 
Waiting 
for Operator 
hauling personal 
equipment time 
1-' 
0 
w 
o.oo o.oo 
Date a 
Operation a 
Equipment a 
Operators 
Field Location• 
Total test time 
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Data Sheet No. 2 
10-30-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (1) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil type: Clarion loam and Lester loam 
Field condition: Rectangular, 2 to 5% slope 
48.33 min 
1185 ft 
2.5 ft 
15.0 ft 
15.0 ft 
4.08 acre 
34.00 acre 
35.2 gal 
1597.17 bu 
4. 76 mi 
95 hp 
Crop condition: Erect with minor weed infestation 
Grain variety: Williams 
Hauling equipment: 3 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacity: 120 bushels 
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Date: 10-30-1978 
Operation: Soybean harvesting 
Equipment: 
Operator: 
F-2 Gleaner combine harvester 
R. D. Olson 
Field Location: Ross Farm (1) 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 21.92 8.86 
Turning time 1. 82 0.74 
Travel time to unload 1.42 0.57 
Unloading time 1.84 0.74 
Field maintenance and 
minor repairs 2.27 0.92 
Waiting for hauling equipment 0.00 o.oo 
Operator personal time o.oo o.oo 
Total 29.27 11.83 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
74 0 88 
6.23 
4. 86 
6.27 
7.76 
o.oo 
o.oo 
100.00 
5.99 (3.72) 
2.74 (6.77) 
2 0 05 (5.07) 
74.88 
3.16 (1.41) 
46.98 
6.48 (7.14) 
238.19 
19.87 (5.25) 
9.68 (1.04) 
3.06 (0.73) 
2.2I 
Date a 
Operations 
Equipment a 
Operator a 
Field Locations 
Data Sheet No. 1 
10-30-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (2) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 3.61 0.21 
2 3.38 0.25 
3 3.06 0.20 
4 3.77 0.24 
5 3.67 0.20 0.65 1.22 
6 3.60 0.33 
7 3.57 0.35 
8 3.55 0.20 
9 3.60 0.20 6.90 
10 3.55 0.30 1.30 
Total 35.36 2.18 0.95 2.52 6.90 
Waiting 
for Operator 
hauling personal 
equipment time 
...... 
0 
0" 
0.00 0.00 
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Data Sheet No. 2 
Dates 
Operations 
Equipments 
10-30-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
Operators R. D. Olson 
Field Locations Ross Farm (2) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil type : Clarion loam and Storden loam 
47.91 min 
1170 ft 
2.5 ft 
15.0 ft 
15.0 ft 
4.03 acre 
34.00 acre 
3 5. 2 gal 
1597.17 bu 
4.76 mi 
95 hp 
Field condition: Rectangular, 2 to 14% slope, moderately 
eroded 
Crop condition : Erect with minor weed infestation . 
Grain variety : Williams 
Hauling equipment: 3 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacity: 120 bushels 
Dates 
Operations 
Equipment: 
Operator 
Field Locations 
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10-30-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (2) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 21.67 8.77 73.81 
Turning time 1.34 0.54 4.55 
Travel time to unload 0.58 0.24 1.98 
Unloading time 1.54 0.62 5.26 
Field maintenance and 
minor repairs 4.23 1.71 14.40 
Waiting for hauling equipment o.oo o.oo o.oo 
Operator personal time o.oo o.oo o.oo 
Total 29.36 11.88 100.00 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 6.05 
Theoretical field capacity ha/h (a/h) 2.77 
Effective field capacity ha/h (a/h) 2.04 
Field efficiency percent 73.81 
Yield t/ha (T/a) 3.16 
bu/a 46.98 
Material capacity t/h (T/a) 6.46 
bu/h 237.25 
Fuel Consumption 
Fuel per hour L/h (gal/h) 19.79 
Fuel per area L/ha (gal/a) 9.68 
Fuel per material L/t (gal/T) 3.06 
gal/100 bu 2.21 
(3.76) 
(6.84) 
(5.05) 
(1.41) 
(7.12) 
(5.23) 
(1.04) 
(0.73) 
Datel 
Operation a 
Equipment a 
Operator a 
Field Locationa 
Data Sheet No. 1 
10-31-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (3) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 3.60 0.20 
2 3.45 0.45 0.30 1.30 
3 3.23 0.30 
4 3.47 0.35 5.90 
5 3.65 0.25 
6 3.60 0.30 
7 3.40 0.90 
8 3.49 0.30 1.16 1.45 
9 3.50 0.30 
10 3.55 
Total 34.94 3.35 1.46 2.75 5.90 
Waiting 
for Operator 
hauling personal 
equipment time 
~ 
0 
l..O 
0.90 
o.oo 0.90 
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Data Sheet No. 2 
Datea 10-31-1978 
Operations Soybean harvesting 
Equipmenta F-2 Gleaner combine harvester 
Operators R. D. Olson 
Field Locations Ross Farm (3) 
Total test time 49.30 min 
Average row length 1155 ft 
Row width 2.5 ft 
Theoretical machine width 15.0 ft 
Effective machine width 15.0 ft 
Total test area 3.98 acre 
Total field area 34.00 acre 
Total fuel used 35.2 gal 
Total grain harvested 1597.17 bu 
Distance from field to headquarters 4.76 mi 
Engine horsepower 95 hp 
Soil type: Clarion loam and Storden loam 
Field condition: Rectangular, 2 to 14% slope and moderately 
eroded 
Crop condition: Er~ct with minor weed infestation 
Grain variety, Williams 
Hauling equipment: 3 trucks (280 bushels average truck 
capacity) 
Equipment grain bin capacitys 120 bushels 
Date: 
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10-31-1978 
Soybean harvesting Operation& 
Equipment& 
Operator: 
F-2 Gleaner combine harvester 
R. D. Olson 
Field Location: Ross Farm (3) 
Machine Field Time 
Min/ha Min/a 
Theoretical operating time 21.69 8.79 
Turning time 2.08 0.84 
Travel time to unload 0.91 0.37 
Unloading time 1.71 0.69 
Field maintenance and 
minor repairs 3.66 1.48 
Waiting for hauling equipment o.oo o.oo 
Operator personal time 0.56 0.23 
Total 30.61 12.40 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
70.87 
6.79 
2.96 
5.58 
11.97 
o.oo 
1.83 
100.00 
6.05 (3.76) 
2.76 (6.83) 
1.96 (4.84) 
70.87 
3.16 (1.41) 
46.98 
6.19 (6.82) 
227.38 
18.97 (5.01) 
9.68 (1.04) 
3,06 (0.73) 
2.21 
Data Sheet No. 1 
Dates 10-31-1978 
Operations Soybean harvesting 
Equipment a F-2 Gleaner combine harvester 
Operator a R. D. Olson 
Field Locationa Ross Farm (4) 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 2.42 0.23 f-' 
2 2.40 0.45 f-' N 
3 2.48 0.40 
4 2. 32 0.35 
5 2.45 0.35 
6 2.37 0.23 
7 2.45 0.17 
8 2.45 0.22 0.63 1.65 
9 2.55 0.22 
10 2.48 0.22 
11 2.58 0.15 
12 2.50 0.25 
13 2.58 0.29 
14 2.60 0.48 1.50 
Total 34.63 3.53 1.11 3.15 o.oo o.oo o.oo 
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Data Sheet No. 2 
Date a 
Operation a 
Equipment a 
10-31-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
Operatora R. D. Olson 
Field Location• Ross Farm (4) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil type: Clarion loam and Nicollet loam 
Field condition: Rectangular, 1 to 5% slope 
42.42 min 
642ft 
2.5 ft 
15.0 ft 
15.0 ft 
3.10acre 
34.00 acre 
35.2 gal 
1597.17 bu 
4. 76 mi 
95 hp 
Crop condition: Ere~t and free from any weed infestation 
Grain variety: Williams 
Hauling equipment: 3 bins and flat-bed truck 
(60 bushels average bin capacity) 
Equipment grain bin capacity: 120 capacity 
Date: 
Operation: 
Equipment: 
Operator: 
Field Location; 
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Field Data Analysis 
(Data sheets 1 & 2) 
10-31-1978 
Soybean harvesting 
F-2 Gleaner combine harvester 
R. D. Olson 
Ross Farm (4) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 27.68 11.18 81.64 
Turning time 2. 82 1.14 8.32 
Travel time to unload 0.89 0.36 2.62 
Unloading time 2.51 1.02 7.42 
Field maintenance and 
minor repairs o.oo o.oo 0.00 
Waiting for hauling equipment o.oo o.oo o.oo 
Operator personal time o.oo o.oo o.oo 
Total 33.90 13.70 100.00 
f:lachin~ CaQacities and Efficiency 
Speed km/h (mi/h) 4.75 
Theoretical field capacity ha/h (a/h) 2.17 
Effective field capacity ha/h (a/h) 1.77 
Field efficiency percent 81.64 
Yield t/ha (T/a) 3.16 
bu/a 46.98 
Material capacity t/h (T/a) 5.60 
bu/h 205.77 
Fuel ConsumQtion 
Fuel per hour L/h (gal/h) 17.16 
Fuel per area L/ha (gal/a) 9.68 
Fuel per material L/t (gal/T) 3.06 
gal/100 bu 2.21 
(2.95) 
(5.36) 
(4.38) 
(1.41) 
(6.17) 
(4.53) 
(1.04) 
(0.73) 
Dates 
Operations 
Equipment a 
Operator a 
Field Locations 
Data Sheet No. 1 
11-301978 
Soybean harvesting 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Larson Farm (1) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 8.83 0.29 2.15 
2 8.78 0.34 0.25 1.01 
3 8.58 0.32 
4 9.55 0.36 0.19 1.08 6.95 
5 8.57 0.40 
6 8.49 0.36 0.50 1.02 0.69 
7 8.33 0.37 
8 8.74 0.37 0.34 0.99 1.10 
9 8.53 0.38 
10 8.45 0.27 0.94 6.69 
Total 86.85 3.19 1.55 5.04 17.58 
Waiting 
for 
hauling 
equipment 
o.oo 
Operator 
personal 
time 
o.oo 
..... 
..... 
U1 
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Data Sheet No. 2 
11-3-1978 
Soybean harvesting 
Date a 
Operation a 
Equipment a IH 1440 combine harvester (axial flow) 
Operator• Lloyd D. Moore 
Field Locations Larson Farm (1) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil type: Clarion loam and Nicollet loam 
and Webster clay loam 
Field condition: Irregular, 0-9% slope 
114.21 min 
2672 ft 
2.5 ft 
15.0 ft 
12.5 ft 
7.67 acre 
51.20 acre 
85.0 gal 
5981.19 bu 
11.74 mi 
135 hp 
Crop condition: Lodged with severe weed infestation . 
Grain variety: Calland 
Hauling equipment: 3 trucks (280 bushels average truck capacity) 
Combine grain bin capacity; 145 bushels 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-3-1978 
Soybean harvesting 
Date a 
Operation a 
Equipment: 
Operator 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Field Location: Larson Farm (1) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 27.99 11.33 76.05 
Turning time 1.03 0.41 2.79 
Travel time to unload 0.50 0.20 1.36 
Unloading time 1.62 0.57 4.41 
Field maintenance and 
minor repairs 5.67 2.29 15.39 
Waiting for hauling equipment o.oo o.oo o.oo 
Operator personal time o.oo o.oo o.oo 
Total 36.81 14.90 100.00 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 5.63 (3.50) 
Theoretical field capacity ha/h (a/h) 2.57 (6.36) 
Effective field capacity ha/h (a/h) 1.63 (4.03) 
Field efficiency percent 63.36 
Yield t/ha (T/a) 3.31 (1.48) 
bu/a 49.17 
Material capacity t/h (T/a) 5.39 (5.94) 
bu/h 198.16 
Fuel Consumption 
Fuel per hour L/h (gal/h) 25.31 (6.69) 
Fuel per area L/ha (gal/a) 15.53 (1.66) 
Fuel per material L/t (gal/T) 4.70 (1.13) 
gal/100 bu 3.38 
Dates 
Operations 
Equipments 
Operators 
Field Locations 
Data Sheet No. 1 
11-4-1978 
Soybean harvesting 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Larson Farm (2) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning unload Unloading repairs 
1 7.15 0.25 0.75 1.35 
2 7.93 0.35 5.17 
3 7.10 0.55 0.60 
4 7.10 0.42 2.50 
5 7.11 0.52 1.40 0.70 
Total 36.39 1.57 1.27 2.75 8.97 
Waiting 
for 
hauling 
equipment 
0.00 
Operator 
personal 
time 
o.oo 
~ 
~ 
co 
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Data Sheet No. 2 
11-4-1978 
Soybean harvesting 
Date a 
Operation a 
Equipment a 
Operators 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Field Location• Larson Farm (2) 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
50.95 min 
2283 ft 
2.5 ft 
15.0 ft 
12.5 ft 
7.28 acre 
15.00 acre 
24.9 gal 
737.55 bu 
12.60 mi 
135 hp 
Soil types Canisteo silty clay loam and Clarion loam 
Field conditions Rectangular, 0 to 5% slope 
Crop condition: Lod~ed with severe weed infestation 
Grain variety: Calland 
Hauling equipment: 3 trucks (280 bushels average truck capacity) 
Combine grain bin capacity: 145 bushels 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-4-1978 Date, 
Operation l 
Equipmentc 
Operator: 
Soybean harvesting 
IH 1440 combine harvester (axial flow) 
Lloyd D. Moore 
Field Location: Larson Farm (2) 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 27.45 11.11 71.42 
Turning time 1.18 0.48 3.08 
Travel time to unload 0.96 0.39 2.49 
Unloading time 2.08 0.84 5.40 
Field maintenance and 
minor repairs 6.77 2.74 17.61 
Waiting for hauling equipment o.oo o.oo o.oo 
Operator personal time o.oo o.oo o.oo 
Total 38.44 15.56 100.00 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 5.74 (3.56) 
Theoretical field capacity ha/h (a/h) 2.62 {6.48) 
Effective field capacity ha/h (a/h) 1.56 ( 3. 86) 
Field efficiency percent 59.52 
Yield t/ha (T/a) 3.31 (1.48) 
bu/a 49.17 
Material capacity t/h ( T/a) 5.17 (5.69) 
bu/h 189.80 
Fuel Consumption 
Fuel per hour L/h (gal/h) 24.25 (6.41) 
Fuel per area L/ha (gal/a) 15.53 (1.66) 
Fuel per material L/t (gal/T) 4.70 (1.13) 
gal/100 bu 3.38 
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APPENDIX D. FALL PLOWING FIELD DATA AND ANALYSIS 
Date a 
Operation a 
Equipment a 
Operator a 
Field Locationa 
10-24-1978 
Fall plowing 
Data Sheet No. 1 
Case 1370 tractor & IH 720 (6-18") moldboard plow 
Freddie Voglin 
Accola Farm 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for 
operating to and minor hauling 
No. time Turning unload Unloading repairs equipment 
1 7.45 0.30 
2 7.72 0.38 
3 7.78 0.22 
4 7.95 0.30 
5 8.02 0.21 
6 7. 82 0.30 
7 7.94 0.22 
8 7.53 0.75 
9 7.85 0.70 
10 8.13 0.57 2.43 
Total 78.20 3.95 o.oo o.oo 2.43 o.oo 
Operator 
personal 
time 
o.oo 
1-' 
N 
N 
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Data Sheet No. 2 
10-24-1978 
Fall plowing 
Date a 
Operation• 
Equipment a Case 1370 tractor & IH 720 ( 6-18'') moldboard 
Operators Freddie Voglin 
Field Locations Accola Farm 
Total test time 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Tractor maximum PTO horsepower 
plow 
84.58 min 
2538 ft 
ft 
9.0 ft 
9.3 ft 
5.42 acre 
40.0 acre 
85.2 gal 
bu 
2. 20 mi 
155.56 hp 
Soil type: Clarion loam and Canisteo silty clay loam 
Field condition: Rectangular shape, 0 to 5% slope, short 
stubble of corn, firm soil 
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Field Data Analysis 
(Data sheets 1 & 2) 
Date: 10-24-1978 
Operation: Fall plowing 
Equipment: Case 1370 tractor & IH 720 (6-18") moldboard 
Operators . Freddie Voglin plow 
Field Location: Accola Farm 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
Min/ha 
35.70 
1.80 
o.oo 
o.oo 
1.11 
o.oo 
o.oo 
38.61 
Min/a 
14.45 
0.73 
o.oo 
o.oo 
0.45 
o.oo 
o.oo 
15.63 
Machine Capacities and Efficiency 
Speed krn/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h (T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 
Fuel per area L/ha (gal/a) 
Fuel per material L/t (gal/T) 
gal/100 bu 
Percent 
92.46 
4.67 
o.oo 
o.oo 
2.87 
0.00 
o.oo 
100.00 
5.94 
1.63 
1.56 
95.52 
30.96 
19.92 
(3.69) 
(4.02) 
(3.84) 
(8.18) 
(2.13) 
Data Sheet No. 1 
Dates 11-9-1978 
Operations Fall plowing 
Equipments Case 1370 tractor & IH 720 (6-18") moldboard plow 
Operator a Freddie Voglin 
Field Locations Larson Farm (3) 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 3.67 0.42 
2 3.50 0.55 ~ N 
3 3.40 0.62 U1 
4 3.40 0,47 
5 3.26 0.45 
6 3.32 0.40 
7 3.18 0.40 
8 3.48 0.37 
9 3,20 0.35 
10 3.45 0.28 
11 3.35 0.60 0.82 
12 3.43 0.22 
13 3.22 0,33 
14 3.40 0.47 
15 3.20 
Total 50.46 5.93 0.82 o.oo o.oo o.oo o.oo 
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Data Sheet No. 2 
11-9-1978 
Fall plowing 
Date a 
Operation a 
Equipment a 
Operator a 
Case 1370 tractor & ni 720 (6-18") moldboard 
Field Location• 
Total test time 
Freddie Voglin 
Larson Farm (3) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Tractor maximum PTO horsepower 
plow 
57.21 min 
1247 ft 
ft 
9 .o ft 
9. 3 ft 
4.01 acre 
22.49 acre 
38.5 gal 
bu 
12.6 mi 
155.56 hp 
Soil type: Clarion loam and Canisteo silty clay loam 
Field condition& Rectangular shape, 0 to 5% slope, short 
stubble of corn, firm soil 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-9-1978 Date t 
Operation 1 
Equipment' 
Operator: 
Fall plowing 
Case 1370 tractor 
Freddie Voglin 
Larson Farm (3} 
& IH 720 (6-18") moldboard 
plow 
Field Location 1 
Machine Field Time 
Theoretical operating time 
Turning time 
Travel time to unload 
Unloading time 
Field maintenance and 
Min/ha 
31.13 
3.66 
minor repairs 0.51 
Waiting for hauling equipment 
Operator personal time 0.00 
Total 35.30 
Min/a Percent 
12.60 
1.48 
88.20 
10.37 
0.21 1.43 
o.oo o.oo 
14.29 100.00 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
percent 
t/ha (T/a) 
bu/a 
t/h ( T/a) 
bu/h 
Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
6.78 (4.21) 
1. 86 ( 4. 59) 
1.70 (4.20) 
91.57 
27.21 (7.19) 
15.99 (1.71) 
Data Sheet No. 1 
Date a 11-9-1978 
Operation a Fall plowing 
Equipment a Ford 9700 tractor & White 558 (5-18") moldboard plow 
Operator a Harold C. Cochran 
Field Locations Larson Farm (3) 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning unload Unloading repairs equipment time 
1 3.20 0.60 0.40 
2 3.30 0.40 4.00 ..... N 
3 3.30 0,40 (X) 
4 3.60 o.so 
5 3.25 0.56 
6 3.34 0.43 
7 3.22 0,45 
8 3.32 0.43 1.37 
9 3.25 0.50 
10 3.30 0.43 
11 3,35 0.30 
12 3.15 0.20 
13 3.40 0.20 
14 3.32 0.38 
15 3.25 
Total 49.55 5,78 1.77 4.00 o.oo o.oo o.oo 
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Data Sheet No. 2 
11-9-1978 
Fall plowing 
Date a 
Operation a 
Equipment a 
Operators 
Ford 9700 tractor & White 558 (5-18") 
Field Location• 
Total test time 
Harold c. Cochran 
Larson Farm ( 3) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Tractor maximum PTO horsepower 
moldboard plow 
61.10 min 
1247 ft 
ft 
7.5 ft 
7. 75 ft 
3.33 acre 
17.51 acre 
34.5 gal 
bu 
12.6 mi 
135 hp 
Soil typel Clarion loam and Canisteo silty clay loam 
Field conditions Rectangular shape, 0 to 5% slope, short 
stubble of corn, firm soil 
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Field Data Analysis 
(Data sheets 1 & 2) 
Dates 
Operations 
Equipment• 
Operators 
11-9-1978 
Fall plowing 
Ford 9700 tractor 
Harold c. Cochran 
Larson Farm ( 3) 
& White 558 ( 5-18") 
moldboard plow 
Field Locations 
Machine Field Time 
Min/ha Min/a Percent 
Theoretical operating time 36.77 14.88 81.09 
Turning time 4.29 1.74 9.46 
Travel time to unload 
Unloading time 
Field maintenance and 
minor repairs 1.31 0.53 2.90 
Waiting for hauling equipment 
Operator personal time 2.97 1.20 6.55 
Total 45.34 18.35 100.00 
Machine Capacities and Efficiency 
Speed km/h ( mi/h) 6.90 (4.29) 
Theoretical field capacity ha/h (a/h) 1.58 (3.90) 
Effective field capacity ha/h (a/h) 1.32 (3.27) 
Field efficiency percent 83.79 
Yield t/ha (T/a) 
bu/a 
Material capacity t/h ( T/a) 
bu/h 
Fuel Consumption 
Fuel per hour L/h (gal/h) 24.38 (6.44) 
Fuel per area L/ha (gal/a) 18.40 ( 1. 97) 
Fuel per material L/t (gal/T) 
gal/100 bu 
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APPENDIX E. FERTILIZER SPREADING FIELD DATA 
AND ANALYSIS 
Data Sheet No. 1 
Dates 11-10-1978 
Operations Spreading dry fertilizer (bulk truck) 
Equipments Big A-2500 
Operators Agr ico Farm Cent.er 1 Boone 1 Iowa 
Field Locations Bilsland Farm (1) 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning load Loading repairs equipment time 
1 1.44 0.26 1.48 3.00 
2 1.40 0.25 
f-' 
w 
3 1.41 0.16 N 
4 1.43 0.25 
5 1.40 0.23 
6 1.37 0.24 
7 1.45 0.26 
8 1.44 0.22 
9 1.41 0.25 
10 1.42 0.30 
11 1.45 0.26 
12 1.44 0.21 
13 1.45 0.30 
14 1.35 0.26 
15 1.44 
Total 21.30 3.45 1.48 3.00 o.oo o.oo o.oo 
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Data Sheet No. 2 
11-10-1978 Date a 
Operation a 
Equipment a 
Operator a 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Field Locationa 
Total test time 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (1) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
29.23 min 
1973 ft 
ft 
60 ft 
60 ft 
40.76 acre 
40.76 acre 
gal 
bu 
15.34 mi 
225 hp 
Soil type: Clarion loam and Canisteo silty clay loam 
Field condition: Rectangular, 0 to 5% slope, short 
stubble, firm soil 
Date: 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-10-1978 
Operation: 
Equipment: 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Operators . 
Field Location: 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (1) 
Machine Field Time 
Sec/ha Sec/a 
Theoretical operating time 77.47 31.35 
Turning time 12.54 5.07 
Travel time to load 5.38 2.18 
Loading 10.92 4.42 
Field maintenance and 
minor repairs 0.00 o.oo 
Waiting for hauling equipment 0.00 0.00 
Operator personal time 0.00 0.00 
Total 106.31 43.02 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
t/ha (T/a) 
bu/a 
t/h ( T/a) 
bu/h 
Consumption 
L/h {gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
Percent 
72.87 
11.80 
5.06 
10.27 
o.oo 
o.oo 
0.00 
100.00 
25.41 (15.79) 
46.47 (114.83) 
33.86 (83.68) 
72.87 
Date a 
Operation a 
Equipment a 
Operator a 
Field Locations 
Data Sheet No. 1 
11-10-1978 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (2) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning load Loading repairs 
1 1.00 0.18 
2 0.87 0.24 
3 0.91 0.28 
4 0.92 0.30 
5 0.93 0.22 
6 0.98 
Total 5.61 1.22 o.oo o.oo o.oo 
Waiting 
for Operator 
hauling personal 
equipment time 
f-' 
w 
lJ1 
o.oo o.oo 
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Data Sheet No. 2 
11-10-1978 Date a 
Operation a 
Equipment a 
Operator a 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Field Location• 
Total test time 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (2) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil types Clarion loam and Harps loam 
6.83 min 
1300 ft 
ft 
60 ft 
60 ft 
10.74 acre 
10.74 acre 
gal 
bu 
15.34 mi 
225 hp 
Field conditions Rectangular, 0 to 5% slope, short soybean 
stubble, firm soil 
Date: 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-10-1978 
Operation: 
Equipment: 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Operator: 
Field Location: 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (2) 
Machine Field Time 
Sec/ha Sec/a 
Theoretical operating time 77.42 31.33 
Turning time 16.83 6. 81 
Travel time to unload o.oo o.oo 
Unloading time o.oo o.oo 
Field maintenance and 
minor repairs o.oo o.oo 
Waiting for hauling equipment o.oo o.oo 
Operator personal time o.oo o.oo 
Total 94.25 38.14 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
t/ha (T/a) 
bu/a 
t/h ( T/a) 
bu/h 
Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
Percent 
82.14 
17.86 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
100.00 
25.43 ( 15. 80) 
46.50 (114.91) 
3 8 • 2 0 ( 94 • 3 8 ) 
82.14 
Date a 
Operation a 
Equipment a 
Operator a 
Field Locationa 
Data Sheet No. 1 
11-10-1978 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (3) 
Machine Field Time (minutes) 
Field 
Theoretical Travel maintenance 
operating to and minor 
No. time Turning load Loading repairs 
1 1.95 0.29 1.50 3.70 
2 1.92 0.26 
3 1.98 0.25 
4 1.95 0.23 
5 1.88 0.25 
6 1.97 0.23 
7 1. 87 0.31 
8 1. 87 0.15 
9 1.88 0.24 
10 1.99 
Total 19.26 2.21 1.50 3.70 o.oo 
Waiting 
for Operator 
hauling personal 
equipment time 
0.60 
f-' 
w 
(X) 
o.oo 0.60 
1 39 
Data Sheet No. 2 
Datea 11-10-1978 
Operations Spreading dry fertilizer (bulk truck) 
Equipment• Big A-2500 
Operators Agrico Farm Center, Boone, Iowa 
Field Locations Bilsland Farm (3) 
Total test time 21.47 min 
Average row length 2717 ft 
Row width ft 
Theoretical machine width 60 ft 
Effective machine width 60 ft 
Total test area 37.42 acre 
Total field area 56 acre 
Total fuel used gal 
Total grain harvested bu 
Distance from field to headquarters 15.34 mi 
Engine horsepower 225 hp 
Soil type: Clarion loam and Harps loam 
Field conditions Rectangular, 0 to 5% slope, short soybean 
stubble, firm soil 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-10-1978 Dates 
Operations 
Equipment: 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Operator: 
Field Location: 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (3) 
Machine Field Time 
Sec/ha Sec/a Percent 
Theoretical operating time 
Turning time 
Travel time to load 
Loading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
76.31 
8.75 
5.94 
14.66 
o.oo 
0.00 
2.38 
108.04 
30.88 
3.54 
2.41 
5.93 
o.oo 
o.oo 
0.96 
43.72 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
t/ha (T/a) 
bu/a 
t/h (T/a) 
bu/h 
Consum12tion 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
70.63 
8.10 
5.50 
13.57 
o.oo 
o.oo 
2.20 
100.00 
25.80 (16.03) 
47.18 (116.59) 
33.32 (82.34) 
70.63 
Data Sheet No. 1 
Dates 11-10-1978 
Operations Spreading dry fertilizer (bulk truck) 
Equipment a Big A-2500 
Operators Agrico Farm Center, Boone, Iowa 
Field Locations Bilsland Farm (4) 
Machine Field Time (minutes) 
Field Waiting 
Theoretical Travel maintenance for Operator 
operating to and minor hauling personal 
No. time Turning load Loading repairs equipment time 
1 1.35 0.15 1.60 3.00 
2 1.00 0.22 1-' ,!:).. 
3 1.36 0.57 1-' 
4 1.11 0.24 
5 1.10 0.22 
6 1.13 0.23 
7 1.17 0.27 
8 1.06 0.24 
9 1.03 0.15 
10 0.97 0.25 0.55 
11 0.96 0.24 
12 1.01 0.20 
13 0.97 0.22 
14 1.05 0.18 0.25 
15 1. 05 0.15 
16 1.00 0.32 
17 1.03 0.20 
18 1.08 0.32 1.00 
19 1.10 
Total 20.53 4.37 1.60 3.00 1.80 o.oo o.oo 
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Data Sheet No. 2 
11-10-1978 Date• 
Operation• 
Equipment• 
Operator• 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Field Location• 
Total test time 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm {4) 
Average row length 
Row width 
Theoretical machine width 
Effective machine width 
Total test area 
Total field area 
Total fuel used 
Total grain harvested 
Distance from field to headquarters 
Engine horsepower 
Soil types Clarion loam, Canisteo silt clay loam 
31.30 min 
1412 ft 
ft 
60 ft 
60 ft 
36.95 acre 
36.95 acre 
gal 
bu 
15.34 mi 
225 hp 
Field conditions Rectangular, 0 to 5% slope, short soybean 
stubble, firm soil 
Date: 
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Field Data Analysis 
(Data sheets 1 & 2) 
11-10-1978 
Operation: 
Equipment: 
Spreading dry fertilizer (bulk truck) 
Big A-2500 
Operator: 
Field Location: 
Agrico Farm Center, Boone, Iowa 
Bilsland Farm (4) 
Machine Field Time 
Sec/ha Sec/a Percent 
Theoretical operating time 
Turning time 
Travel time to load 
Loading time 
Field maintenance and 
minor repairs 
Waiting for hauling equipment 
Operator personal time 
Total 
82.36 
17.53 
6.42 
12.04 
7.22 
o.oo 
o.oo 
125.57 
33.33 
7.10 
2.60 
4.87 
2.92 
o.oo 
o.oo 
50.82 
Machine Capacities and Efficiency 
Speed km/h (mi/h) 
Theoretical field capacity ha/h (a/h) 
Effective field capacity ha/h (a/h) 
Field efficiency percent 
Yield 
Material capacity 
Fuel per hour 
Fuel per area 
Fuel per material 
Fuel 
t/ha (T/a) 
bu/a 
t/h (T/a) 
bu/h 
Consumption 
L/h (gal/h) 
L/ha (gal/a) 
L/t (gal/T) 
gal/100 bu 
65.59 
13.96 
5.11 
9.59 
5.75 
o.oo 
o.oo 
100.00 
23.90 (14.85) 
43.71 (108.00) 
2 8 • 6 7 ( 7 0 • 84 ) 
65.59 
